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SMD SOLDERING STATION 


urface mount technology (SMT) was 

developed in the 1980s to make pos- 
sible the use of very small components 
that have no wire leads or pins. These 
components are now termed surface mount 
devices (SMDs). For many years, these 
new components were thought to be too 
difficult to use outside large-scale elec- 
tronics manufacturing plant. However, 
more and more people are now losing their 
reluctance to working with SMDs and 
these components are, therefore, be- 
coming more readily available from elec- 
tronics retailers. This development brings 
with it a growing need for tools suitable 
for working with these tiny components. 
One of these is a temperature-controlled 
soldering outfit. The one described in this 
article is appreciable less expensive than 
commercially available models. 


The circuit 


The circuit consists of a variable direct 
voltage source and an LED display. 

Transformer Tr) steps down the mains 
voltage to 15 V, which is subsequently 
rectified by diodes Dj)—D}5, buffered by ca- 
pacitors C; and C4, and regulated by IC}. 
The level of the output voltage is deter- 
mined by potential divider R;-R-R;-P). The 
drop across R; is constant at 1.2 V. With 
the values of these components shown 
in the diagram, the output voltage may 
be varied with P} over the range 6.8-11.8V. 

The function of Rg is twofold. On the 
one hand it ensures that should the pre- 
set become faulty the output voltage 
does not rise unduly, and on the other it 
changes the operating range of P| into a 
non-linear one, which is more conve- 
nient in practice. 

The LED display indicates the level of 
the direct voltage applied to the solder- 
ing iron. Since the soldering iron has no 
temperature sensor, it is not possible to 
measure the temperature of the solder- 
ing tip. This is not too much of a handi- 
cap because the exact temperature is 
not very important in the first place, and 
in the second, the manufacturer’s data 
show that with an applied voltage of 12 V 
the temperature of the tip rises to a max- 
imum of 330 °C. As soon as the hot tip 
is applied to the point to be soldered, its 
temperature drops in proportion with 
the thermal load. This results in a max- 
imum, practical temperature of some 
300 °C. The minimum temperature may 
be assumed to be 200 °C. Temperatures 
in this range are indicated by D»)—D)). 
Since each LED draws a current of 10 mA, 
the dissipation of IC; rises rapidly with 
increasing tip temperature. If no pre- 
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cautions were taken, the total current 
would rise to 100 mA. Since each LED 
drops about 2 V, IC, would dissipate 1 W, 
which, since the manufacturer's data 
indicate a maximum permissible dissi- 
pation of 625 mW, would mean its im- 
mediate demise. This all means that the 
dissipation must be reduced and this is 
brought about by Ry. The more diodes 
light, the larger the drop across this re- 
sistor and the more electrical energy it 
converts into heat. This is very effective 
in reducing the dissipation of IC). 
Resistors R; and R set the operating 
range of IC,, which operates as an ana- 
logue-to-digital (A-D) converter and dis- 
play driver. This is done in conjunction 
with the internal reference source. With 
the specified values of the resistors, the 
display driver range lies between 1.8 V 


F1 


4 


and 3.0 V. At a voltage of 1.8 V at the 
signal input (pin 5), the first LED begins 
to light and at 3.0 V all LEDs light. Diode 
D lights as soon as the power is switched 
on {and supply voltage is available). 

The (miniature) soldering iron has 
two terminals, of which one is connected 
to earth and the other to the variable di- 
rect voltage. The iron is shunted by po- 
tential divider Rg-Ro-P,. This network re- 
duces the direct voltage to about a quar- 
ter of its value. This means that the 
monitoring circuit is provided with a 
variable direct voltage of 1.75-3.0 V. 
This is exactly the same as the voltage 
range for the display driver. 

The earth connection is made via Rj. 
This arrangements prevents any build- 
up of static charge on the iron, which 
might damage the electronic circuit on 
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Fig. 1. Circuit diagram of the temperature-controlled SMD soldering station. 
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Fig. 3. Photo of the prototype without the enclosure. 





ELEKTOR ELECTRONICS JULY/AUGUST 1993 





SMD SOLDERING STATION h 


which soldering is carried out. 


Construction 


The circuit is best built on the printed- 
circuit board shown in Fig. 2. Before any 
construction takes place, however, the 
board must be cut into two. Populating 
the resulting supply board an display 
board is straightforward. Commence with 
fitting the connectors and transformer 
to the supply board, followed by the pas- 
sive components and IC). Make sure of 
good thermal contact between the IC 
and its heat sink: use a generous amount 
of heat conducting paste. 

Although P| may be soldered direct to 
the board, it is far better to solder it to 
three solder pins, which gives a much 
more solid (and more reliable) construc- 
tion. 

Use square LEDs on the display board: 
when these are fitted side by side, they 
result in a pleasing indicator bar. 

When both boards have been com- 
pleted, they should be housed in a suit- 
able enclosure. For the prototype, an 
OKW box Type 9030087 (150x80x55 mm; 
55/x3°/1x2°/in) was used, but any non- 
metal box of the same dimensions will 
do nicely. A pleasing front panel foil is 
available through our Readers’ services 
(see Fig. 5). 

Before the boards can be fitted into 
the enclosure, the necessary holes and 
slots must be made for the LED display, 
the mains cable, the three banana sock- 
ets and the on/off switch. 

The display board is mounted upside 
down on to the supply board with the 
aid of suitable spacers. 

When the mains voltage is switched 
on, supply on indicator D, should light. 
Set temperature controller P} fully anti- 
clockwise and adjust P; until Dy just be- 
gins to light. Next turn P} fully clock- 
wise, whereupon all LEDs should light. 
The soldering station is then ready for 
use. a 
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Fig. 5. This miniature 8 W soldering iron is ideal forsoldering SMDs. 
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Fig. 6. A front panel foil is available through our Readers’ Services (see p. 110). 
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ACTIVE 3-WAY LOUDSPEAKER - PART 1 


Design by T. Giesberts and H. Baggen 


esigning an active loudspeaker sys- 

tem is a complex (but fascinating) 
matter because each drive unit needs 
its own output amplifier and cross-over 
filter. But, of course, an active system has 
several advantages over a passive one. 
The present circuit, comprising three 
filter sections, active bass corrective net- 
work, and three output stages, fits onjust 
one printed-circuit board. 

Two of the advantages of an active 
loudspeaker system over a passive one 
are that neither loudspeaker cables nor 
a passive cross-over filter are required. 
The lack of loudspeaker cables saves 
money,too, since good quality ones are 
expensive. A passive filter dissipates en- 
ergy in the inductors and capacitors, 
and this causes some deterioration in the 
quality of sound reproduction. An ac- 
tive filter uses no inductors and the ca- 
pacitors have a much lower value, so 
that their quality can be of better qual- 
ity. Moreover, in direct coupling there 
are no capacitors and inductors with 
loss resistances, and this means that 
the loudspeakers are under more direct 
control of the output stages. 

Two of the drawbacks of an active sys- 
tem are its cost and higher complexity. 
These two go together, because it is the 
complexity of the electronic circuits (each 
loudspeaker needs it own output stage, 
for instance) that costs the money. 

In the present design, the output stages 
have been kept small through the use of 
modules for the medium and high fre- 
quency sections. 
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Fig. 1. Block diagram of the active 3-way loudspeaker system. Fig. 2. Detail of prototype. 
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In this first part of the article, the 
electronic circuits will be described in gen- 
eral, while in the second part the design 
proper, including a three-way bass re- 
flex enclosure, will be discussed. 


Some design considerations 


The design (see block diagram) allows 
for various configurations of the cross- 
over networks. The audio signal from 
the preamplifier is applied to the three 
filters (bass, medium and treble) via a 
buffer stage. Each of the filters may be 
given a rolloff of 6 dB, 12 dB or 18 dB 
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ACTIVE 3-WAY LOUDSPEAKER - PART 1 E 


per octave depending on the value of 
certain components. 

The low-pass filter is followed by a bass 
correction network. The original design 
of this network is due to Linkwitz. It is 
particularly useful to lower the response 
of the woofer in a closed box. 

The formulas for the calculations of the 
correct component values and the rolloffs 
will be given later. 

The outputs of the filters are applied 
to amplifiers. Note that the LF stage has 
more than twice the power output of the 
middle and high frequency one. Since 
the LF stage has been designed with dis- 
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2u 2 


NE 
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crete components, its output is applied 
to the drive unit via a power-on delay. 
This delay is an integral part of the medium 
and high frequency modules. 


Practical design 


Opamp IC» (see Fig. 3) buffers the applied 
audio signal to prevent this being loaded 
unnecessarily. The input impedance is 
determined by R). The output of IC, is 
split threeway to IC),, IC;,, and IC}. Each 
of these circuits forms a third order fil- 
ter, which may be converted into a first 
or second order type by omitting certain 
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Fig. 3. Circuit diagram of the active 3-way loudspeaker system. 
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AUDIO & HI-FI 


components. The middle-frequency sec- 
tion has two filters, IC}, and ICjq, be- 
cause it needs a rolloffat the low frequency 
end and one at the high frequency end. 
With values as shown, the cut-off fre- 
quencies are at 500 Hz and 500 Hz re- 
spectively. The response is a Butterworth 
type. 

Itis possible to convert the present sys- 
tem into an active two-way one by omit- 
ting the entire middle-frequency section 
and the associated output stage (IC). 


The low-pass filter is followed by the 
Linkwitz correcting network that matches 
the frequency response to the low cut- 
off point of the box. In this way, an oc- 
tave is added to the lower portion of the 
response of the enclosure. It is, how- 
ever, only possible to use the arrangement 
with boxes whose Q« and f are known. 
The calculations of the values of the net- 
work components are given later. 

The supply voltages for the opamps are 
stabilized by ICg and IC;. These voltages 


arooee 





Fig. 4. The printed-circuit board for the active 3-way loudspeaker system. 


are derived from the +25 V supply for 
the LF output amplifier (and for the other 
output stages if this is desired—more 
about this later). 

Output modules IC, and IC; need only 
a few external passive components and 
a feedback loop. If the supply to them is 
+25 V, they deliver an output of up to 30 W 
into 8 Q. Noteworthy in the diagram of 
their internal circuitry, shown in Fig. 2, 
are the many protection circuits. Their 
input has a mute stage to prevent on 
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Table 1. Computations for low-pass and high-pass filters. 
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Fig. 4. Circuit diagram of the TDA1514A. 
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Parameters required to be known 

Q; (Q factor of loudspeaker in closed box) 
f, resonance frequency of loudspeaker in 
closed box 


Required new parameters 
Q, (new Q,, with correction network) 
fe (new f; with correction network) 


The new parameters should be chosen so 
that the necessary correction is not too large 
to prevent the loudspeaker operating outside 
its linear performance. 

Condition for chosen Q,,' and f,': 


Vc 


where k is the pole shifting factor 
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Computation 
Choose a value for R; and compute the re- 
maining components as follows 


Ry = 2kRy 


2 
nefa 


O, RuCl +k) 
= Ri 


1 
«Arf. Qie (1+ RJR, 


\2 
affe 
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Co 





Table 2. Computations for Linkwitz correction network. 


and off switching becoming audible. 

Concentrating on ICy, capacitor Cy, pre- 
vents any d.c. components reaching the 
opamp. Low-pass filter Ry9-Cy; limits the 
bandwidth of the input signal to a de- 
gree that is suitable for the output am- 
plifier. The input impedance of that am- 
plifier is determined by Ry. The a.c. am- 
plification of the module is set by feed- 
back network Ry-R,. The d.c. amplifi- 
cation is limited to unity byC,. Network 
Ryg-Ryy-Cog forms a bootstrap that in- 
creases the full power available from the 
output stage slightly. Boucherot net- 
work Ry5-Cy, in parallel with the loud- 
speaker serves as load at high frequen- 
cies when the loudspeaker becomes in- 
ductive. Power-on delay is provided by 
Ryg- C3). 

The presets between the filters and 
the loudspeakers serve to match the 
speakers as far as efficiency is concerned. 

The LF output stage is a semi-dis- 
crete design to obtain a higher power since 
human hearing is less sensitive to low 
frequencies. The board has been designed 
to enable this amplifier operating from 
a power supply different from that for 
the middle and high frequency stages. 

The supply for the differential input 
opamp, ICs, is derived from the main 


supply via networks R,-D;, and Ry-D4. 
The input impedance of the opamp is de- 
termined mainly by R. The bandwidth 
of the input to the opamp is limited by 
Rj|-Cg. Ris-Cig is a compensating network. 

The output of IC; is applied to a com- 
pound output stage, which provides 
not only current amplification, but also 
voltage amplification. This allows the 
opamp, although its output is limited 
by the +20 V supply, to fully drive the 
power stage, whose supply is +25 V. 

The output stage consists of T,-T; for 
the positive half of the signal and T;-T; 
for the negative half. The power stage 
is driven by IC; via two current sources, 
T,-D; and T)-D»y. The quiescent current 
through the output stage is determined 
by T;,, which functions as a variable 
zener diode. The overall feedback is pro- 
vided by Rig and Rg. 

The relay contact at the output of 
the low-frequency power stage prevents 
on/off clicks becoming audible. At power 
on, the relay is energized after a delay 
by Tg and Ty. Before Ty can conduct, Cys 
needs to be charged via Rx and D; toa 
voltage of 2.7 V (Dg) plus 0.6 V (base- 
emitter junction of T). Diode D; en- 
sures that the relay is deenergized im- 
mediately the supply voltage is switched 


off. 


Pre-construction notes 


As already stated, the entire electron- 
ics part of the system is fitted on a sin- 
gle printed-circuit board—see Fig. 3. 
Before construction can be started, the 
gradients and cut-off points of the fil- 
ters need to be known, and these are 
dependent on the loudspeaker enclosure. 
Component values of the bass correc- 
tion network are also dependent on the 
bass enclosure used. Formulas for the 
computation of the component values 
for the filters and the correction network 
are given in Tables 1 and 2. The design 
of the circuit in Fig. 3 is based on third- 
order filters and cut-off frequencies of 
500 Hz and 5 kHz. Different values may 
be needed, or it may be desired to imi- 
tate the performance of a passive filter 
(in an existing enclosure) in active form. 
All this is possible and will be discussed 
in more detail in Part 2. 

The construction of the output stages 
depends to some extent on the loud- 
speakers used. The power distribution 
over the audio spectrum shows that in 
a multi-way system the woofer needs 
at least twice as much power as the 
other units combined. This require- 
ment may be met by using a 4 Q drive 
unit for the woofers and 8 Q speakers 
for the other units. If that is not possi- 
ble, for instance, because the low-fre- 
quency drive unit is not available ina 
4 Q version, the low-frequency output 
stage may be powered by a higher supply 
voltage. In the present design, this is 
achieved by connecting a separate 25 V 
supply to terminals + and — adjacent to 
capacitorCsg. The supply must not ex- 
ceed +35 V since regulators IC, and IC; 
cannot handle higher input voltages. A 
drawback of this arrangement is the 
higher price since two separate power 
supplies are needed. 

Another aspect that needs bearing 
in mind is the polarity of the drive units. 
Owing to the bass correction network, 
the bass unit is out of phase with the 
other two units and its polarity must 
therefore be reversed. If the correction 
network is not used, all components 
around IC}, with an asterisk must be 
omitted,except R; and Rọ, whose value 
must be altered to 10 KQ. Resistor R and 
capacitors C; must be replaced by a 
wire bridge. E 
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LOW COST: HANDYPROBE 


Connect the HANDYPROBE to the parallel printer port 
of the PC and start the software. Measuring can be 
carried out at once. The HANDYPROBE does not need 
an external power supply. Some technical parameters: 
0.5-400 V software 

select input range; 

one input channel; 

8 bits resolution 

(overall accuracy 2%); 

A complete software 

program consisting of 

a digital 

storage oscilloscope, 

spectrum analyzer, 

voltmeter and a 

transient recorder 

is provided. 

The HANDYPROBE is 

eminently suitable for 

servicing and 

educational purposes. 


MULTIFUNCTIONAL: TP5008 


The TP5008 is an interface card 

that provides an analogue 

Output in addition to two input 

channels. This output in 

combination with the two 

inputs may be used for the 

setting up of acomplete 

control loop. The output 

may also be used as a 

function generator. 

The TP5008 has a 

resolution of 8 bits 

and a sampling rate 

of 200,000 samples/ F 

sec (200 kHz). The input range may be set to 0.5-20 V 
full-scale deflection. The output range covers 1.25-2.5 V. 
The TP5008 is fitted with BNC connectors and is 
delivered complete with a user manual and software. 
Separately available are 1:1-1:10 probes : 

and 1:100 oscilloscope probes. 





TiePie Cngineering manufactures a complete 
range of computer-controlled measuring instruments. 
Connecting these units to a PC (MS DOS 3.0 or r munen 
results in a number of compre- | | 
hensive test instruments: 


-spectrum sar : 
> eee o 


All measured data can be stored 

on disk or run off for documentation. Because of the 
many trigger possibilities, a variety of signals can be 
measured, while the powerful software enables a 
multitude of measurements to be carried out in a 
straightforward manner. Application areas include: 
service; medical research; automatic test systems; 
research and development; and education. 


BEST PERFORMANCE: HANDYSCOPE 


The HANDYSCOPE is connected to the parallel printer 
port. This makes it possible to carry out measurements 
with a laptop or notebook PC. Because of its high 
resolution (12 bits), the HANDYSCOPE is a very accurate 
instrument. The measuring rate is 100,000 samples/sec. 
Either of the two channels can be set independently 
over a range of 0.5-20 V (with a 1:10 probe up to 200 V). 
The advanced software enables many measurements to 
be carried out. Two probes (switchable 1:1-1:10) are 
provided. The HANDYSCOPE is constructed as a small 


| table model with two BNC connectors. 


The length of 
the cable 
linking the 

PC and the 
HANDYSCOPE 
is 1.8m, 
which can be 
extended 


VERY HIGH SPEED: TP208 


The TP208 is an interface card 

with a measuring speed of 

2x20 Megasamples/sec 

(8 bits). Phenomena shorter 

than one millionth of a 

second can still be 

measured well. 

The completely digitized 

triggering ensures very 

stable triggering with 

many trigger 

possibilities. 

The TP208 has an 

input range of 

5 mV/div to 20 V/div in 12 steps and an auto calibration 
function. Since both channels may be sampled 
simultaneously, phase differences can be measured 
very accurately. Even single phenomena can pe 
measured since each channel has a eerie 
32 KByte memory. Comprehensive 


sottware re is BERNIE. 
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The Netherlands 
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FOUR-FOLD DAC CARD FOR PCs 


Measurement cards of the PC insertion type to digitize 
analogue voltages are available in countless versions. By 
contrast, digital to analogue converters are few and far 
between. The card presented here is fast, and offers four 
independent analogue channels with a resolution of 12 bits. 





Design by H. Kolter 


LTHOUGH it often appears that 

verything around us goes digital, 
the realm of analogue control is still 
wide, and has much in store for the 
electronics designer. The measure- 
ment and control field, in particular, 
has a traditional requirement for PC- 
driven direct voltage sources. 





Unfortunately, most I/O cards have no 
analogue output at all, or one with a 
resolution of only 8 bits. To meet 
today’s requirements for accuracy cou- 
pled with speed, a D-A (digital-to-ana- 
logue) card has been designed, which 
is capable of supplying direct voltages 
at a resolution of 12 bits, on four inde- 


pendent channels. 


Circuit description 


The structure of the DAC card is so 
simple that a separate block diagram 
is superfluous. The circuit diagram is 
given in Fig. 1. The left-hand part of 
the circuit shows the connector that 
forms the link between the PC mother- 
board and the DAC card. Since it 
should be possible to use the present 
card in an XT machine also, the data- 
bus width is limited to 8 bits. The PC’s 
datalines are fed to the DAC proper, 
U4, via a bidirectional buffer/trans- 
ceiver, U1. Although the LS245 (U1) 
can also transfer data from the DAC to 
the PC (by appropriate control of the 
direction control input, pin 1), this 
ability is not used here because it is 
not required, the DAC being a write- 
only device in this application. The di- 
rection control input of the bus buffer 
is connected to the PC’s IORD\ 
(input/output read) line. The PC can 
access the I/O memory range by read 
or write operations only. When a write 
operation is performed, for instance, 
copying new data to the DAC, IORD\ is 
not active, i.e., logic high. This logic 
level is used to control the direction 
input of the databus buffer. 

The address decoding circuitry is 
simple because it has to select only 
eight addresses in the PC’s I/O mem- 
ory range. A GAL (generic array logic), 
U2, turns the levels on address lines 
A2 through AQ, plus control lines 
IORD\ and IOWR\, into three control 
signals for the DAC. The ‘write’ com- 
mand issued by the PC is also fed di- 
rectly to the DAC via the IOWR\ line. 
The same goes for address lines AO, Al 
and A2, which allow eight different 
registers in the DAC to be accessed. 

The ready-programmed GAL (sup- 
plied through the Readers Services) 
fixes the DAC card base address at 
300H. If you have a GAL programmer, 
other addresses may be defined by ap- 
propriate programming of the GAL, 
making use of the programming infor- 
mation given in Table 1. The listing 
shown is compatible with National 
Semiconductor’s ‘OPAL’ GAL program- 
ming utilities contained on diskette 
1791 (available through the Readers 
Services). 


Power supply problems 


The remainder of the circuit consists 
essentially of relatively extensive stabi- 
lizers on the DAC supply voltages. A 
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5V" 15V 15V three-pin voltage regulator, U5, con- 
XT-Slot o O- © verts the PC’s 12-V supply line into 5 V 


Side A 11 8 7 F k > , z : 
TOE (circuit denotation: 5V”), which al- 


10 

9 REF-OUT ready affords better noise immunity 
a REF-IN than the 5-V output of the PC’s inter- 
“r nal switch-mode power supply. 

5 u4 The PC's 5-V line is used to power a 
si DC-DC converter module which pro- 
z DAC4815 vides the symmetrical 15-V supply for 
er CH-D the DAC4815. The pre-regulated 5-V 


wo 
Oo 


(5V”) and +15-V supply lines ensure 
that the DAC can reach its full resolu- 
tion of 12 bits, which are impossible to 
achieve lacking clean supply voltages. 
According to the datasheets, the 
DAC4815 requires a minimum supply 
voltage of +11.4 V for an output volt- 
age swing of +10 V. With 15 V applied 
to the DAC, we are, therefore, on the 
safe side. 

Also part of the measures against 
supply noise are the L-C filter behind 
the DC-DC converter, and the strict 
separation between the analogue and 
digital ground lines. These ground 
lines are connected at one point only 
on the PCB. The connection is made 
via a wire taken through a ferrite bead, 
Li. 
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DAC: internal 


The internal architecture of Burr- 
Brown’s DAC4815 is given in Fig. 2. 
The IC contains four identical convert- 
ers, which are controlled by a central 
logic circuit. The IC is completed with 
a reference voltage source. 

The main function of the control 
logic block is the distribution of byte- 
wise organized data at inputs pins 18 
through 25 over the 4-bit and 8-bit 
input registers associated with each of 
the four channels. The data stored in 
the registers are captured in a 12-bit 
wide latch, and fed to the DAC proper 
as required. Each DAC has an output 
opamp to provide the necessary drive 
capacity, and afford protection against 
(short) output short-circuits. The out- 

puts are not protected against contin- 
naa = Aias oe uous short-circuit conditions. Their 
output current capability is 10 mA 
continuously, and 20 mA briefly. 





MELEE TGR 


adefine BASE ADDRESS °/439/A4#/AS*/AG+/ATSAStAI* / AEN" 

define BASE ADDRESS ” ASt/AdF/ADT/ROR/A7EARFAGE/AEN" 3 
fidefine BASE ADDRESS "“/A2* A4*/AS4#/AGt/ATFASHAIS/AEN" 3 
define BASE ADDRESS ” A34 A4F/ARY SAE /ATFAGEASE/AEN" ; 


dae, Papa ee ATES A pifia 
chip GATES GALIGYS 


t aG ee ae, SE 


spin i ¢ 3 7 8 
AZ 82 A4 Aa AB A? AG AY 

erin Li is 14 a Ie I s 3 val 
fTOWR EN CS0 NCL LEG NC? AEN R RESOUT VEC 


/AZ* BASE ADDRESS + LORD l 

BASE ADDRESS* TORD + BASE ADDRESS * IOWR 
BASE ADDRESS + IORD + BASE ADDRESS * TOWR 
ik 3 t 


TE Hyd -g 


: end of GATES 





Table 1. GAL programming data written for National Semiconductor’s ‘OPAL’ GAL programming package. 
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Fig. 3. R-2R ladder network used in the 
DAC4815. 


All outputs can be switched to 0-V 
at any time via an asynchronous 
CLEAR input. 

The data and command transfer be- 
tween the PC and the DAC is shown in 
Table 2. All DAC connections are level 
sensitive rather than edge sensitive. 

The output voltage range can be ad- 
justed via the REFIN pin of the DAC. 
Since the REFIN voltage is applied to 
all four DACs, they all have the same 
output voltage range. 

The block marked ‘+10V voltage ref- 
erence’ supplies a stable reference 
voltage which is bonded out to pin 5 of 
the IC. The voltage source is followed 
by an inverting operational amplifier 
which supplies -10 V. This auxiliary 
voltage allows the DAC output voltage 
to be made negative also. 

Finally, the structure of the R-2R 
network contained in the DAC4815 is 


Voltage shown in Fig. 3. 


Reference 


Construction 


The artwork for the double-sided 
printed circuit board designed for the 
DAC card is shown in Fig. 4. The board 





COMPONENTS 


(2 4uF7 16V tantalum C3;C4 i 
4: 1100F 16V: radial: O6 usiiiiseth: 
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Fig. 4a. Component mounting plan of the 
double-sided PCB designed for the DAC 
card. 
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program DAC4; Fig. 4b. Component side and solder side 
track layouts (mirror images). 


uses crt,graph,dos,printer; 





const CH1 = $0300; { channels 1-4} 
CH2 $0302; is not densely populated, and con- 
CH3 $0304; struction is straightforward. 
CH4 $0306; The card is secured in the PC by an 
EN = $0300; { enable all channels } aluminium bracket drilled to pass the 
four BNC output sockets. Voltage reg- 
var A ‘integer; ulator Us does not require a heat-sink 
— the copper area underneath it is 
procedure init; { initialize and load DAC4815 } sufficient to assist in its cooling. 
begin 
port(CHT] 30 ; { channel 1 LSB (8-bit) 0-255 } Software 
port {(CH1+1] :=0 ; { channel 1 MSB (4-bit) 0-15 } As a matter of course, the card does 
port[CH2] :=255; { channel 2 LSB (8-bit) 0-255 } nothing at all if it is not programmed. 
port [CH2+1] :=15 ; { channel 2 MSB (4-bit) 0-15 } Fortunately, programming is relatively 
port [CH3] i=) ° { channel 3 LSB (8-bit) 0-255 } simple, and can be done in GWBASIC, 
port [CH3+1] :=8 ; { channel 3 MSB (4-bit) 0-15 } Turbo Pascal, or other higher program- 
port [CH4] =Q ; { channel 4 LSB (8-bit) 0-255 } ming languages. The GWBASIC exam- 
port [CH4+1] :=12 ; { channel 4 MSB (4-bit) 0-15 } ple program listed in Fig. 6 shows you 
A := port [CH1]; { convey all channels using RD command } how to have the card generate +10 V, 
end; -10 V, O V and +5 V. The Turbo Pascal 
program listed in Fig. 5 has the same 
begin effect. Both programs indicate that two 
writeln C OUTPUT MODE ACTUATED ; bytes are to be copied to each of the 
writeln ( Channel 1 = -10.000 volt ' DACs. Of the second byte, only the 4 
writeln ( Channel 2 = +10.000 volt most significant bits (high nibble) is of 
writeln C Channel 3 = 0.000 volt i interest. 
writeln C Channel 4 = +5.000 volt ; With the DAC wired as in the pre- 
sent circuit, the following relation ex- 
repeat ists between the data written to the 
init; DAC, and the analogue output voltage: 
until Keypressed; 
clrScr; 
TextMode(80); 
end. Fig. 5. Turbo Pascal version of the test pro- 
gram. 
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100 REM Test program for 4-fold DAC using BurrBrown DAC4815. DAC4.BAS 
110 S=&H300 : REM set card address to 0300 HEX. 


120 REM 
130 REM 


set channel 1 to +10.000V 


140 OUT S+0,255 : REM DO..D7 LSB = 0..255 ( 8-Bit ) 
150 OUT S+1,15 : REM D8..D11 MSB = 0..15 ( 4-Bit ) 
160 REM ---------- set channel 2 to -10.000V 

170 OUT S+2,0 
180 OUT S+3,0 


190 REM ---------- set channel 3 to 0.000V 


200 OUT S+4,0 
210 OUT S+5,8 


set channel 4 to +5.000V 


230 OUT $+6,255 
240 OUT S+7,11 


250 A=INP(S) : Read channel 1-4 in one go! 


260 REM done! 


Fig. 6. 


x= don't ca 


Table 2. PC-to-DAC 


system (Multi-purpose Z80 
card) 


May and June 1992 

An extensive description of a modifica- 
tion to the memory backup circuit on 
the Multi-purpose Z80 card is avail- 
able free of charge through our 
Technical Queries service. 


FM stereo signal 
generator 


May 1993 

Capacitors C17 and C19 should have a 
value of 33nF, not 3nF3 as indicated 
in the circuit diagram and the parts 
list of the multiplex generator. 


Workbench PSU 


May 1993 
The polarity of capacitor C15 is incor- 
rectly indicated on the PCB component 





930040 - 15 


Listing of a simple GWBASIC program used to test the card. 





overlay (Fig. 5a), and should be re- 
versed. The circuit diagram (Fig. 2) is 
correct. 


Transformer TR2 is incorrectly spec- 
ified in the circuit diagram (Fig. 2) and 
in the parts list. The correct rating of 
the secondary is 2 x 12V/5A. Also note 
that the secondary windings are con- 
nected in series to give 24 V. 


Audio DAC 


September 1992 

The polarity of capacitors C25 and C58 
is incorrectly indicated on the compo- 
nent overlay of the D-A board (order 
code 920062-2), and should be re- 
versed. 


FFFH + full scale 
800H Zero 
7FFH zero — (1 LSB) 
OOOH — full scale 
Since the DAC4815 comes laser- 


trimmed by the manufacturer, no ex- 
ternal adjustments are required. E 


The printed circuit board for the 
four-fold DAC is available ready- 
made from 


Kolter Electronic 


Steinstrasse 22 

D-5042 Erftstadt 

GERMANY 

Telephone (+49) 2235 76707 
Fax: (+49) 2235 72048 








charger 


February 1993 
The value of resistors R17 through R27 
should be 2.7kQ, not 12.7kQ as stated 
in the parts list. 


VHF/UHF receiver 


May 1993 

In Fig. 4, the connections to ground of 
the AF amplifier outputs, pins 5 and 8, 
should be removed. The amplifier out- 
puts are connected to the loudspeaker 
only. The relevant printed circuit 
board is all right. 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- SERVICE s LARGE (A4) S.A E, 60 


LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK i 


























THOUSANDS PURCHASED Lessa a a alse SUPPLIED READY BUILT AND TESTED. 
BY PROFESSIONAL USERS These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 


models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
etc. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B, and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 

PRICE £40.85 + £3.50 P&P 

















OMP/MF 200 Mos-Fet Output power 200 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 

-3dB, Damping Factor >300, Slew Rate 50V/uS, 

T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 

-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 

E ian ite ai NA i a a 

. OMP/MF 300 Mos-Fet Output power 300 watts 

f R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
- -3dB, Damping Factor >300, Slew Rate 60V/uS, 
= T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 

` -110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 


ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: xindependent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 


SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
MXF400 W19"xH5%a" (3U)xD12” 
MXF600 W19"xH5"4" (3U)xD13” 
MXF900 W19"xH5"4" (3U)xD14%” 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP XO3 STEREO 3-WAY ACTIVE CROSS-OVER 










































OMP/MF 450 Mos-Fet Output power 450 watts 
7 R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
=... -34dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 

PRICE £132.85 + £5.00 P&P 


















a Se ue = i OMP/MF 1000 Mos-Fet Output power 1000 watts 
* a Fs è R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 























Advanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 
STEREO DISCO MIXER SDJ3400SE 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor.8 i 
Sound Effects. Useful combination of the & 
following inputs:- 3 turntables (mag), 3 i 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 

= f Aa, TYPE ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 


| Ae bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 





















NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC. 










LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


EMINENCE:- INSTRUMENTS, P.A., DISCO, ETC 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 
8” 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 
10” 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P 
10” 200 WATT R.M.S. ME10-200 GUITAR, KEYB’D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P 
12” 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100cB. PRICE £35.64 + £3.50 P&P 
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P 
12” 200 WATT R.M.S. ME1 2-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P 
412” 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 + £3.50 P&P 
15” 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99cB. PRICE £50.72 + £4.00 P&P 
15” 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped a 4 & 8 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97cB. PRICE £8.90 + £2.00 P&P 
10° SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 -+ £2.50 P&P 
10” 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE £30.39 + £3.50 P&P 
12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 

RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

514" GOWATT EB5-6OTC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 + £1.50 P&P 
62" GOWATT EB6-6OTC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 

RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94cB. PRICE £10.99 + 1.50 P&P 
8" GOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 

RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P 
10" GOWATT EB10-6OTC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P 


RANSMITTER HOBBY KIT 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 

PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS a 

3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL ©. 

PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP. 

PRICE £14.85 -~ £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY. 






































































TYPE ‘B’ (KSN1005A) 31/2" super horn for general purpose speakers, 
TYPE `B’ | disco and P.A. systems etc. Price £5.99 + 50p P&P. 

hw, TYPE ‘C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
JA p tems and quality discos etc. Price £6.99 + 50p P&P. 
TYPE ‘D’ (KSN1025A) 2’x6" wide dispersion horn. Upper frequency 
"response retained extending down to mid-range (2KHz). Suitable for high 
IYPE E quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 
Tyr TYPE ‘E’ (KSN1038A) 334” horn tweeter with attractive silver finish trim. 

. £° Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 



















































ibl FLIGHT CASED LOUDSPEAKERS 


A new range of quality loudspeakers, designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12” cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 












































POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 


-CAR STEREO BOOSTER AMP 












































THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 

250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 

400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 

ALL POWERS INTO 4 OHMS 
Features: 

: & Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
controls * Remote on-off * Speaker & 
Nerina: Drow on 
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PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 


PHOTO: 3W FM TRANSMITTER 


LECTRONICS 


B.K. E 































re POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL (TTT) 
= ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. | | UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA, 
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND | a ESSEX. SS2 GTR. 
ACCESS ACCEPTED BY POST, PHONE OR FAX. pense 


Tel: 0702 -527572 Fax.: 0702 -420243 





VHF-LOW CONVERTER 


Communication receivers for the VHF-low band (30-50 MHz) do 
not appear to exist commercially, and that is why we propose 
an up converter that allows you to use a VHF FM radio, or the 
VHF/UHF receiver described a few months ago, to listen to 


signals in this interesting band. 


Design by J. Barendrecht and B. Romijn 


HE VHF-low band extends roughly 

from 30 MHz to 50 MHz, and is re- 
served for mobile communication, 
cordless telephones and microphones, 
and radio control of toys and models. 
The upper part of the band, starting at 
48 MHz, is no longer used for terres- 
trial television in the UK, which has 
been moved to the VHF-2 and UHF 
bands. On the European continent 
and in other parts of the world, how- 
ever, channel El (48.25 MHz) is still 
widely used for television broadcasts 
(see the DX Television column featured 
every other month in  Elektor 
Electronics). 

Since most communication in the 
VHF-low band is in FM (frequency 
modulation), the proposed converter 
may be used in conjunction with a 
normal FM radio. If you want to listen 


to AM (amplitude modulation) signals 
as well, you need an AM demodulator, 
such as the one contained in the 
VHF/UHF receiver. 


Principle of operation 


The block diagram shown in Fig. 1 il- 
lustrates the basic operation of the 
converter. The antenna signals are 
amplified and subsequently mixed 
with a 58-MHz signal supplied by a 
crystal oscillator. The high mixing 
product (88-108 MHz) is extracted and 
fed to the FM receiver. The low mixing 
product (2-28 MHz) is suppressed. A 
signal at, say, 47 MHz appears on the 
radio at 47+58=105 MHz. The fre- 
quency up conversion principle is il- 
lustrated in Fig. 2. 

If the VHF/UHF receiver is used 


Peed ERTL PAE 





with its digital frequency dial (Ref. 2), 
the counter may continue to be used 
in ‘up’ count mode, which leaves the 
relevant preset to be programmed only 
(more details further on). 


Bandpass filter 


The circuit diagram of the converter is 
given in Fig. 3. A low-noise transistor 
Type BFG65 (Philips) is used to am- 
plify the antenna signal. Ahead of the 
RF amplifier sits a parallel tuned cir- 
cuit, L1-C13-C14. Actually, only Lı and 
C13 form the tuned circuit, while C14 is 
a coupling device only that prevents 
the transistor’s base voltage (approx. 
0.6 V) from being short-circuited to 
ground by the inductor. Capacitors C3, 
C4 and Ce: elsewhere in the circuit 
have similar functions. 

The frequency range selected by L1- 
C13 covers about 30 to 50 MHz. After 
amplification by T1, the signals are 
taken through a second filter, which is 
more complex. It consists of two paral- 
lel tuned circuits, L2-C5 and L4-Cs, 
which are top-coupled by a series 
tuned circuit, L3-C7. The two parallel 
tuned circuits are designed to resonate 
at about 50 MHz, and the series tuned 
circuit at about 30 MHz. The combina- 
tion of the three tuned circuits forms a 
bandpass filter for the frequency range 
30-50 MHz. Figure 4 illustrates how 
the desired (ideal) bandpass character- 
istic is approximated with the aid of 
the four tuned circuits ahead of the 
mixer. 


Sliding bias RF amp 


Returning to the circuit diagram in 
Fig. 3, it is seen that transistor T1 has 
no fixed base current. Rather, the base 
current is drawn from the collector cir- 
cuit via resistor R2. Consequently, the 
base current is determined by the col- 
lector voltage, which, in turn, depends 
on the emitter-collector current. If the 
latter fluctuates as a result of temper- 
ature variations, the base current 
varies accordingly, and causes the col- 
lector current to return to its normal 
value. This principle is called ‘sliding 
bias’. 

Resistors R1 and R3 form the collec- 
tor resistor of Tı as far as the d.c. bias 
setting is concerned. For RF currents, 
R1 alone forms the collector resistance, 
since C15 decouples all RF voltages to 
ground. Network C15-R3-C10 forms a 
noise suppressor, and prevents RF sig- 
nals from travelling to and from T1 via 
the positive supply line. 
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Fig. 1. Block diagram of the VHF-low converter. 
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Fig. 2. Frequency up conversion by heterodyning (mixing) with a 58-MHz signal. 


Mixer/oscillator 


The mixer and local oscillator required 
for the frequency up conversion are 
contained in a single IC Type NE602 
(or NE612). As illustrated by Fig. 5, the 
NE602 also contains a voltage regula- 
tor that affords a stable oscillator sup- 
ply voltage. 

The frequency determining external 
components required to complement 





the on-board oscillator are connected 
to pins 6 and 7 of the IC. Pins 1 and 2 
form the (balanced) input, and pins 4 
and 5, the (balanced) output. 
Returning to Fig. 3, the RF input sig- 
nal (30-50 MHz) is fed to pin 1 of IC1. 
The second input of ICi, pin 2, is de- 
coupled to ground via C9. This means 
that the input of IC1 is used ‘single- 
ended’. Resistor R4 ensures equal volt- 
ages at pins 1 and 2, and at the same 


Fig. 3. Circuit diagram of the VHF-low converter. 
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time provides some damping of L4-Cs. 
Damping is required to prevent a too 
narrow filter characteristic of the two 
50-MHz parallel tuned circuits (see 
Fig. 4b). 

The quartz crystal, X1, is connected 
to the input of an amplifier contained 
in the NE602. The signal developed 
across the crystal is amplified in IC), 
and output via pin 7. The signal is fed 
back to crystal via C1 to sustain the 
oscillation. Capacitor C2 and inductor 
Le force the crystal to resonate at its 
third overtone (58 MHz), instead of its 
fundamental frequency, 19.33 MHz. 

The 58-MHz local] oscillator signa] is 
fed to the mixer in the NE602 via an 
internal buffer. The sum and differ- 
ence signals (88-108 MHz and 2- 
28 MHz respectively) that result from 
the mixing operation are available at 
pins 4 and 5 of IC1. The sum signal is 
selected by a parallel tuned circuit, Ls- 
C11-C12, and the converter output sig- 
nal is taken from the junction of the 
capacitive voltage divider, C11-C12. 


Construction and 
adjustment 


The converter is constructed on a com- 
pact, double-sided printed circuit 
board, of which the artwork is given in 
Fig. 6. This PCB is available ready- 
made through the Readers Services. To 
assist in the construction, Fig. 7 
shows the locations of the component 
wires that have to be soldered at both 
sides of the PCB. Start the construc- 
tion with these parts. Next, mount the 
remaining parts. Do not use an IC 
socket for IC1. 

There is only one inductor that has 
to be home made: Lı. It consists of four 
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RADIO AND TELEVISION 





926087X-13 


Fig. 4. The pass-band characteristic required for the converter is obtained with the aid of se- 


ries and parallel tuned circuits. 


turns of 1-mm dia. enamelled copper 
wire, and has an internal diameter of 
5 mm. Stretch the inductor to a total 
length of about 15 mm, and then 
space the turns evenly. Next, compress 
the turns again until they have a spac- 
ing of about 1 mm. Cut the wire ends, 
and tin them. Next, mount the induc- 
tor on the board, a little above the 
board surface (see the photograph of 
an early prototype in Fig. 8). The 
BFG65 is seated in a hole, so that its 
connecting terminals (four) rest flush 
on the copper tracks. Note that the 
transistor is turned such that its type 





Table 1. Some frequency allocations in and around the VHF-low band. 


indication is legible from the solder 
side of the board. 

When all the parts are on the board, 
fit a metal screen across Ti- This 
serves to prevent oscillation caused by 
stray coupling between the input and 
output inductors in the circuit. 
Oscillation may also occur if the con- 
verter is not fitted in a metal case, or if 
the input and output coax cables are 
not properly connected or terminated. 
If oscillation persists in the face of 
these measures, try fitting a 10- 


100 kQ damping resistor across L1. 
Prepare the metal case by fitting the 











926087X-15 


Fig. 5. Internal structure of the NE602/NE612 
oscillator/mixer (Signetics). 


input and output socket, and the sup- 
ply (d.c. adaptor) socket. Next, mount 
the completed PCB into the case, and 
connect it to the sockets. 

Connect the converter output to the 
input of the VHF/UHF receiver, or an 
FM radio, via a 75-Q coax cable. 
Connect the converter input to a wire 
dipole antenna or similar via a 75-Q 
coax cable. A dipole antenna can easily 
and quickly be made of two straight 
wires with a length of 1.5-2.5 m. The 
core of the coax is connected to one 
wire, and the screen (braid) to the 
other. 

When the converter is switched on, 
the receiver’s noise output should in- 
crease. Possibly you hear signals 
straight away. If not, tune the 
VHF/UHF receiver below 88 MHz and 
switch to FM. This will probably bring 
in a couple of 27-MHz CB (citizen’s 
band) stations (up-converted to about 
85 MHz). Note that although 27 MHz is 
strictly speaking outside the pass- 
band of the receiver, these signals will 
still be converted, albeit at less conver- 
sion gain. The same goes for the 
50 MHz (6-m amateur radio) band, 
hence it is also listed in Table 1. 

Radio amateurs may want to have a 
go at modifying the converter’s output 
tuned circuit to 3.55-8 MHz. This al- 
lows the 6-m band (50-54.45 MHz in 
most countries) to be received on an 
AM/SSB communications receiver 
tuned between 3.55 and 8 MHz. It 
should be noted, however, that the 
converted frequency spectrum is ‘up- 
side down’, which means, among oth- 
ers, that USB transmissions should be 
received using LSB, and vice versa. As 
a matter of course, different quartz 
crystal frequencies may be used for 
further experiments. 

In case you notice that stations 
around 50 MHz are received better 
than those around 30 MHz, you may 
have a problem with the converter’s 
pass-band characteristic. This may be 
solved quite elegantly by compressing 
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Fig. 7. The black spots show where to solder 
component wires at both sides of the printed 
circuit board. 


the turns of Lı a little. This increases 
the self-inductance, so that L1-C13 res- 
onates a little lower in the band. This, 
in turn, results in higher amplification 
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Fig. 6. Artwork for the double-sided printed circuit board (available ready-made through the 


Readers Services). 





Fig. 8. An early prototype of the up converter. 


of signals towards the low end of the 
band. By contrast, the gain around 
50 MHz is boosted by stretching Li a 
little. 

If reception suffers from strong sig- 
nals in the VHF FM broadcast band, 
reduce the length of the coax cable be- 
tween the converter and the radio, so 
that it can not function as an antenna. 


Digital frequency readout 


Those of you who use the VHF/UHF 
receiver in combination with the digital 
frequency readout and the present 
converter will be pleased to learn that 
the counter (frequency readout) is 
readily programmed in accordance 
with the VHF-low band we have just 
added. 
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The ew preset required is 
10000-953=9047 (the original preset 
was 9627; see Ref. 2). This is achieved 
by fitting the jumpers as follows. First 
digit: jumpers D1-D4 (‘1’ and ‘8’; these 
are already fitted). Second digit: re- 
move jumpers D6-D7 (‘2’ and ‘4’). Third 
digit: move jumper D11 (‘2’) to D10 (‘4’). 
Fourth digit: no changes (‘l’, ‘2’ and 
‘4’). With a little dexterity, the presets 
for normal operation (9627) and VHF- 
low’ (9047) may be swapped by relays 
or logic circuitry. E 


References: 

f; VHF/UHF receiver, 
Electronics May 1993. 

2. Digital frequency readout for 
VHF/UHF receiver, Elektor Electronics 
June 1993. 
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74HC SERIES 
































40106BT 0.42 
40244BT 1.08 
40373BT 1.82 


74 SERIES 
DIL 















































































































































74HC40105 1.40 


74HCT SERIES 





























































VOLTAGE 
REGULATORS 





























74LS641-1 1.28 






78LO5ACLP 0.40 








78LO5ACZ 0.28 
78L12 0.28 
78L12A 0.28 
78L12ACZ 0.30 
78L15 0.28 
78L24 0.28 
78L56 1.10 
78M05 0.32 
78MO05A 0.36 
78M12 0.32 
78M12A 0.36 
78M13A 0.65 
78M15 0.32 
78805 0.48 
78812 0.48 
78515 0.55 
7905 0.28 
7905A 0.32 
7905FA 0.60 
7909 0.55 
7912 0.30 
7912A 0.36 
7912FA 0.78 
7915 0.30 
7918 0.30 
7924 0.30 
79L12A 0.35 
79L12ACP 0.35 
79M05 0.42 
79M05A 0.42 
79MOSFA 0.65 
79M12 0.50 
79M12A 0.60 
LM317T 0.50 
LM317MP 1.06 
LM317LZ 0.55 
LM338K 4.45 
UA78GUIC 1.02 
UA79GUIC 1.02 
RC4195N 1.80 
DIODES 
IN2986RB 18.20 
1N3881 2.54 
1N3997A 6.55 
1N4001 0.04 
1N4002 0.04 
1N4003 0.04 
1N4006 0.04 
1N4007 0.04 
1N4148 0.03 
1N4149 0.06 
1N4150 0.08 
1N4446 0.06 
IN4728A 0.24 
IN4735A 0.24 
1N4736A 0.24 
1N4740A 0.24 
1N4743A 0.24 
1N4744A 0.24 
1N4756A 0.24 
1N5226B 0.09 
1N5232B 0.09 
1N5234B 0.09 
1N5337B 0.48 
1N5349B 0.48 
1N5352B 0.48 
1N5357B 0.48 
1N536568 0.48 
INS5366B 0.48 
1N53708 0.48 
1N53808 0.48 
1N5401 0.11 
1N5402 0:11 
1N6287A 1.55 
1N825 1.80 
1N825A 1.34 
1N827 1.40 
188252 0.20 
5082-2800 0.66 
5082-2810 1.40 
5082-2835 0.44 
AA119 0.60 
AA144 0.72 
AAZ15 0.58 
AAZ17 0.58 
AAZ18 0.48 
BAV10 0.08 
BAV45 4,98 
BAW62 0.06 
BAX16 0.06 
BB204 0.32 
BB212 2.48 
BB405B 0.22 
BB809 0.60 
BY179 0.42 
BY260-200 3.58 
BY261-200 3.98 
BYV28-100 0.99 
BYV32-50 1,60 
CV8805 0,60 
DS16C 0.40 
MV1404 15.90 
MV209 1.20 
OA200 0.10 
OA202 0.20 
OA47 0.14 
OASO 0.14 
P6KE36A 0.88 
P6KE47A 0.88 
REC53A 0.40 
ZPD2.7V 0.06 
ZENER DIODES 
MISC. 
BZY93C7V5 2.66 
BZY93C15 2.66 
BZY93C18R 2.66 
BZY93C20 2.66 
BZY93C24V 2.66 
BZY93C33R 2.66 
8ZT03C120 0.40 
BZX61C9V2 0.09 
BZX61C24V 0.09 
ZENER DIODES 
400mW 
2.4V to 75V 
Price: 6p each 
ZENER DIODES 
500mW 
2.4V to 200V 


Price: 6p each 


ZENER DIODES 
1.3 WATT 

2.7V to 200V 

Price:10p each 


ZENER DIODES 
3.0 WATT 

7.5V to 270V 

Price:40p each 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


VIEWCOM 


TEL 081-471 9338 TLX 929709 VICOM G FAX 081-552 0946 
DIGITAL INTEGRATED CIRCUIT SPECIALIST 


ZENER DIODES 
5.0 WATT 
3.3V to 200V 
Price:42p each 


ZENER DIODES 
STUD MOUNT 


20 WATT 
7.5V to 75V 
Price: £4.94 ea. 


BRIDGE 
RECTIFIERS 


0.9A/200VDIL 0.38 
3.0A/200V SIL 0.57 
6A/100V SIL 
BA/200V SIL 
35A/100V Sqr 2.98 
KBPC1002 

KBPC3502 

W005- 1A/50V 


0.32 


W02G-1.5A 0.40 


2W02 


2KBB10R/SIL 0.66 
2KBB20R/SIL 0.70 
B80C1500/Sq 0.35 
B80C1500SIL 0.60 
SKB6008/60A POA 


CRYSTALS 


HC49( HC18/U) 
Freq.MHz 


1.843200 
2.000000 
2.457600 
3.276800 
3.579545 
3.686400 
4.000000 
4.096000 
4,194304 
4.433619 
4.608000 
4.915200 


5.000000/S 


5.068800 
5.242880 
5.888200 
6.000000 
6.144000 
6.400000 
6.552000 
6.553600 
7.372800 
8.000000 
8.867230 
9.830400 
10.00000 
10.69500 
11.00000 
12.00000 
13.87500 
14.00000 


14.31818/S 
14.74560/S 


14.74560 


15.00000/S 


16.00000 


16.00000/S 
18.43200/S 
19.66080/S 
20.00000/S 
22.11840/S 
24.00000/S 
27.64800/S 
30.00000/S 
32.00000/S 
48.00000/S 
S = Series 


HC33/U 


0.204800 
0.307200 
1.000000 
1.843200 
2.000000 
2.097152 
2.457600 
2.500000 
3.000000 


HC49/U4H 


3.276800 
3.579545 
5.068800 
7.864320 
8.000000 
10.00000 
11.05920 
12.00000 
14.00000 
16.00000 
20.00000 
24.00000 


UM-1 


8.000000 
8.192000 
10.00000 
11.00000 
12.28800 
15.00000 
17.73447 
18.00000 
20.00000 
21.00000 
24.00000 


CRYSTALS MISC. 


HC43/T 
1.000000 


MINI CYLINDER 


0.032768 


WATCH 
0.032768 


CRYSTAL 
OSC. MODULES 


8pin DIL 
Plastic pkg 
TTL Output 

4 Pins spaced at 
corners of 8pinDIL 


Freg.= MHz 
4, 4.9152, 8, 10, 
12,16 & 20 
Price: £2.98 ea. 


24, 32, 40 & SOMHz 
Price £3.40 ea. 


HCMOS Output 


Pins spaced at 
corners of 8pinDIL 


3.6864,4,8,10,12,16, 
20,24,32,40 & 50 
Price: £4.20 each 


14pin DIL Layout 


1MHz £8.90 ea. 
4,4.9152,6,8,9.8304, 
18.432, 19.6608, 


20, 24, 25 & 30MHz 
Price: £3.52 ea, 









30, 32, 32.768, 
33.33, 40 & SOMHz 
Price: £4.45 ea. 


Programmable 


EXO-3C SERIES 
8pin DIL Plastic 





12, 14.31818, 16, 
16.384,19,6608 & 





Price: £3.92 ea. 


16pin DIL Plastic 


Programmable for 

57 Diff.Frequency 
0.005 to 600kHz 
0.0083 to 1MHz 


0.064 to 768kHz 


0.00083 to 100kHz 


Price: £ 9.25 ea. 


TDK CE-0344 5.60 
3WS5R 15-15 27.50 


5V input =Output 


NMA0512212V 
NMA0515+15V 
Price:£7.90ea. 


DC/DC Converters 





10R to 1M 3p each 
N.B. Min Qty. Order 
Min, 5pcs per value 


0.25 WATT 0.1% 


Price: £0.94 each 
HIGH PRECISION 
NON-INDUCTIVE 

WIRE WOUND 
0.15 WATT 0.1% 





Temp.Coeff.3ppm 
10R,50R,100R,250R, 


Price: £3.85 each 
HIGH PRECISION 
NON-INDUCTIVE 

WIRE WOUND 
0.33 WATT 0.1% 





Temp.Coeff.3ppm 
1R,5R,10R,20R,50R 
Price: £3.60 each 


100R,120R, 250R, 
500R,1K, 2K, 5K, 


Price: £3.10 each 


DYNAMIC RAM 







44C256AZ-10 6.95 
44C256-8 5.00 
511000-85 8.45 
HM48416AP-15 4.60 
HM48416AP-20 4.25 
HYS3C256LS-80 1.60 


HYS3C464L8-80 3,95 
HYB511000-85 8.45 
KM44C256AZ10 6.95 
MSM4464P-15 4.60 
MK4116N-54 2.80 
MK4564N-15 1.00 
NMC3764N-15 1.60 
UPD41464C-12 4.20 
UPD41464C-15 4.20 
UPD416C-2 3.40 
UPD416C-3 3.65 
UPD446D-1 2.60 


STATIC RAM 


2114-3L 3.40 
6264LP-10 2.40 
6264LP-12 2.40 
62256LP-12 4.95 
62256LP-10 4,95 
CDM6116AE3 5.30 
CDM6117AE3 5.85 
HM1-6116-5 4.38 
HM3-61 16-5 3.60 
HM6116LP-2 2.60 
HM6116LP-3 2.60 
HM6117LP-3 5.75 
HM62256LP-10 7.93 
HM6264ALP-12 3.95 
HM6264ASP-20 3.95 
HM6267P-35 5.07 
HM628128LP-80 
18.55 
HM66204L-12 15.80 
KM62256ALP-10 4.60 
LH5164D-10L 2.40 
P2114AL-2 3.40 
P2114AL-4 3.40 
PCD5101P 3.30 
UPD43256AGU10L 
8.33 
UPD43256C-12 5.60 
UPD4364C-15 4.70 















UVPROMS 


270128-25 2.95 
27C64A-15 2.74 
27C256-15 3.95 
27C256-25 3.95 
D27256 5.40 
HM27C101G-20 9.80 
HN27C1024HG10 
16.63 
HN27C64FP-20T 3.40 
HN27C64G-15 4.20 
HN27C64G-20 4.20 
HN462532P 4.50 
HN4827128G-25 4.55 
HN482764G 3.80 
HY6264LP-10 2.40 
M2716-1F1 3.50 
M5L2732K 4.40 
MSL2764K 3.30 
MBM27C64-20/21V 
4.90 
MBM27C128-30 4.20 
MBM27C256-30 5.10 
NMC27C256Q-25 
4.95 
NMC27C64Q-25 3.66 
TMS2516JL-45 4,58 
TMS27128JL-25 4.60 
TMS2716JL-45 4.60 
UPD27256D/21V 5.60 
UPD2732A/21V 4.95 
UPD27C256D-15 5.80 
UPD27C512D-15 6.96 
UPD27C64D-25 4.95 


EEPROMS 








AT28C256-15DC 

28.50 
AT28C64-25 9.80 
AT28C64-15 10.95 
KM28C256-20 25.84 
KM28C256-15 27.50 
KM28C64-25 9.20 
X2816AD 5.10 
X2816AP-25 5.10 
X2864AP-35 12.20 

























MISC. MEMORIES 


6341-1J 4.58 
AM2148-45DC_ 5.44 
AM27S281PC 3,98 
10T7130LA-100P 
10.43 
IDT7132LA-100P 
11.19 


MB8414E 4.95 


MCM4027AC3 2,80 
N825126AN 2.49 
N82S153N 5.80 










N825181AN 6.09 
NMC6504J-9 3.40 
NMC9306N 1.45 
P5101L-1 3.90 
TBP18SO30N 1.74 
TBP24S10N 2.90 
TBP24SA10N 3.15 
TC5501P 3.50 
TC5504AP-2 3.40 
TCS5516PL-15 
TC5517AP-2 

TC5565PL-15 
TMS4014JDL 













CAPACITORS 
SURFACE MOUNT 


Multilayer Ceramic 
63 VOLT 

Case Size; 1206 
L2xW1.25mm 


LOpF 22pF 33pF 47pF 
100pF 220pF 330pF 
470pF 1000pF 2200pf 
3300pF 4700pF 10000, 
22000pF 33000pF 
Price: 15p each 


47000pF 100000pF 
Price; 18p cach 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































TreaT: EP610PC-35 POA | SAB80C32P 5.95 | TIL100 1.98 ICL7621DCPA 1.98 | LM343H F NE5530N 3.82 | TLO71CP 0.48 |ULN2001AN 0.44 75452 0.28 | 2N4401 0.18 
Te aire | HO1-0165-5 10.96 | SABB155-P 3.82 | TIL111 0.60 ICL7622 POA | LM346N 3.96 | NE5532AN 1.58 | TLO72ACP 1.84 |ULN2002A 0.44 | 75452B 0.48 | 2N4403 0.18 
sooitapeG 7.40 | HD146818AP 4.20 | SAB8259AP 3.59 | TIL113 0.60 ICL7650CPD 4.48 | LM348DP 0.40 | NE5532N 0.80 | TLO72CN 0.50 |ULN2003AN 0.44 | 75453 0.64 | 2N4921 1.40 
40 | 1403-6402-9 6.16 | SAB82C54-2-P 4.12 | TIL117 0.85 ICL76S50SCPD 5.64 | LM348N 0.40 | NE5534AN 1.80 | TLO72CP 0.50 |ULN2004AN 1.40 | 754538 0.64 | 2N5401 0.13 
HD3-6440-9 8.89 | SABB2C55A-2-P 4.80 | TIL119 1.20 ICL7652BCPD 8.24 | LM350T 6.85 | NE555N 0.20 | TLO74ACN 2.85 |ULN2024A 1.40 | 75454 0.64 | 2N5415 0.72 
HD3-6495-9 8.89 | SC80C451ccn64 13.60] TIL311 9.65 ICL7652CPD 8.24] LM351N 2.60 | NES556/SMD 0.70 | TLO74CN 0.84 |ULN2032A 1.40 | 754548 0.98 | 2N5449 0.88 
HD44883 9.52 | SCN2661bc1n28 3.35 | TLP504A 1.58 ICL7660CPA 1.40] LM358N 0.32 | NE556N 0.38 | TLOBiCP 0.34 |ULN2803AN 0.84 | 75462 0.98 | 2N5459 0.52 
HD46505SP 9.85 | SCN2661ccn28 3.35|TLP521-4GB 4.20 ICL7660SCPA 3.80 | LM359N 4.68 | NE558N 2.28 | TLOB2CP 0.36 |UM5100 POA | 75463 4.10 | 2N5485 0.48 
HD46802P 5.50 | PAL16R4-15CN 2.98 | TORX173 4.96 ICL7662CPA 3.80 | LM360H 7.72 | NES64N 3.42 | TLO84CN 0.48 |UM5101 3.80 | 75468 3.60 | 2N5876 1.32 
HD6321P 4.20 | TL16C552FN 12.58 | TOTX173 4.96 ICL7663BCJA 6.78] LM361M/SMD 6.40 | NES65N 294 | TL27L2CD/SMD1.40 }XR2211CP POA | 75469 1.30 | 2N6034 0.72 
HD63485PS32 32.50 | TMP7002NL-2 4.97 ICL7663BCPA 5.10 | LM363H-100 16.50 | NE567N 065 | TL497ACN 3.14 |XTRI10KP 9.95 | 75470 POA | 2N6037 0.72 
HD63B03XP 11.95 | TMP8085AP-2 5.98 ICL7664CPA 7.95 | LM369DN 3.82 | NE568N 3.85 | TL507CP 4.03 |Y¥1112/TI 4.60 | 75471 1.68 | 2N6050 3.12 
HD68000-8 11.59 | TMS3477NL 6.68 ICL7665ACPA 4.98 | LM369DRC 3.70 | NE570N 4.60 | TL7702ACP 2.04 |ZN1445 POA | 75472 1.48 | 2N6051 3.49 
HD6845SP 6.92 | TMS3700NSB- 8.78 | 9630BM/BB_ 3.40 ICL7673CPA 1.26 | LM380N 1.20 | NE571N 3.40 | TL7705ACP 2.04 |ZN414Z 1.04 | 75473 1.48 | 2N6054 2.20 
HD68A52P 5.60 | TMS3702ANS 8.78 | 49620/BB POA | icLgos2ACPD 8.73 | LM381AN 7.88 | NES89N 4.25 | TL7705CP 2.04 |ZN415E 1.84 | 75474 2,25 | 2N6056 1.94 
HD68B21P 4.29 | TMS3835ANS 7.55 | 555-TIMER 0.20 | iCL8068aJD 9.65 | LM385Z-1.2 2.20 | NES92/SMO 1.80 | TL7709ACP 2.04 |ZN423 2.20 | 75477 2.10 | 2N6057 2.24 
HI3-7159-5 20.98 | TMS77COINL 10.74 | 6341-13 POA | icLg069CCSQ 3.75| LM385Z-2.5 2.20 | NES92N 1.40 | TL7770-SC 3.82 | ZN425E-8 4.46 | 75491 0.68 | 2N6058 2.68 
HI3-7159A-5 23.40] TMS9900NL 24.40] 741-OPAMP 0.18 | ICL8069DCSQ 2.68 | LM386M-1/SMD 1.65 | NE592N14 0.92 | TL783CKC_ 3.06 | ZN426E-8 3.68 | 75ALS176 2.88 | 2N6109 0.78 
HM10422 14.30 | TMS9901NL 14.16 | ADOPO7CN 2.14 | ICL8069DCZR 2.85 | LM386N-1 1.40 | NE6O2AN 298 | TLC2201CP 3.06 |ZN428E-8 5.98 | 75ALS192 2.88 | 2N6125 2.88 
ID82C86H 1706 | TMS9902ANL 15.94 | ADS20JN POA |iCL8211CPA 2.28 | LM386N-3 1.80 | NE602N 225 | TLC2202CP 3.06 | ZN429E-8 232 | 75ALS193) 3.22 | 2N6388 0.98 
IM6402AIPL 709| TMS9914ANL_ 23.10 | AD524 21.52 | icLg212CPA 1.10 | LM386N-4 2.60 | NEGO4AN 7.20 | TLC2274CN 2.85 | ZN449E 4.76 | 7501154 288 | 2N6517 0.34 
IM6402IPL 3.73 | TMS9928ANL 7.40 | ADSS4JH 18.24 | iom7170IPG 7.66 | LM387AN 5.90 | NE612AN 2.87 | TLC251CP 2.54 7501406 2.73 | 2N6519 0.34 
IM6403IPL POA | TMS9995J0L 69.85 | ADSS7JH POA | iom7207AIPD 6.80 | LM388N-1 4.25|NJM4556D 1.20 | TLC2652CP 4.46 750185 3.98 | 2N6668 1.40 
IMS2600P-15 4.40 | UA9636ACP 1.98 | ADS48JN 1.53 | ICM7207IPD 8.80 | LM389N 3.40 | NUM4556S 1.20 | TLO2654CP = 4.29 | 75107 1.02 | 750188 1.20 | 2N696 0.26 
INS8250N 7.80 | UA9637A 1.98 | ADS78JN POA | i¢m7209IPA 3.75 | LM3900N 1.60 | NUM4558DX 1.20 | TLC271CP 0.84 |75107A 1.02 | 7501894 1.32 | 2N706A 0.48 
INS8250N-B 7.80 | UA9638CP 1.98 | ADS81JH 6.96 | i¢M7211AMIPL 4.02 | LM3909N 2.64 | NUM4558S 1.20 | TLC272CP 1.30 | 75108 1.80 | 75C189AD 1.32 | 2SA1015 0.10 
M5M82C51AP 4.20 | UA9639CP 1.98 | AD581KCSA/SMD7.85} (CM7211MIPL 4.02 | LM3914N 4.40 | OPO7CJ 360 | TLC274CN 2.40 ‘| 75108A 1.84 | 75180176 2,60 | 2SA1048/0 0.14 
MS5M82C54P-6 5.40 | UM6845B 4.95 | ADS85AQ 24.60 | 1¢M7212AMIPL 3.20 | LM393N 0.30 | OPO7CN 0.95 | TLC339CN 1.45 | 751088 2.08 2SA1048Y 0.14 
MAB8031AH12P 4.56 | UM9151 POA | AD592CN 14.68 | icui7213IPD 4.58 | LM393P 0.30 | OPO7CP 0.95 | TLC372CP 1.40 | 75109A 2.46 Uae | 2SA1096R 0.74 
MAB8035HL-6P 5.98 | UM9151-3 Poa | AD594AD 10.56 | ICM7216AIJI 18.05 | LM394CN 5.98 | OPO7EP 310 | TLOSS1CP 3.68 | 75110A 1.36 THYRISTORS 2SA1100 0.52 
MC10103P 1.98 | UPB8238 POA | AD595AD 6.65 | \om7217AIP] 7.20 | LM3999Z 2.76 | OP11GP 5.85 | TLC555cP 0.65 | 75113 3.02 & TRIACS 2SA1102 2.10 
MC10115L 3.21 | UPB8282C 4,98 | AD648JN 3.40 | icm7217BiJI 10.42 | LM399H 7.85 | OP177FP 3.71 | TLCS56CN 1.14 | 75114 3.04 2SA1104 2.10 
MC10115P 1.98 | UPB8284AD 4.98 | AD707JN 2.82 licm7217iJI 10,42 | LM4250J 11.82 | OP27GP 2.89 | TLC7524CN 6.86 | 75115 1.60 | 2N2219A 0.28 | 2541111 4.18 
MC146805E2P 9.18 | UPB8286C 4.98 | AD711JN 2.34 | ICM7218AIJI 6.85 | LM555CN 0.28 | OP42FZ 7.44 | TLE2061CP 2.20 | 75116 3.30 | 2N2222 9.28 | 9541115 0.80 
MC68000P12/16 POA | UPD70108C-10 9.10 | AO712JN 3.34 | ICM7218AIPI 6.85 | LM565CN 7.48 | OP77GP 2.07 | TLE2062CP 3.40 | 75121 2.60 | 2N2222A 9.20 | 9541145 0.80 
MC68010P10/12 POA | UPD70108C-8 6.95 | AD7245JN POA | icmM7218DlJI_ 6.85 | LM710CH 2.80 | OPO7CN 0.95 | TLE2064CN 3.45 | 75122 POA | 2N2369 0.24 | o5a1263N 1.70 
MC6802P 2.47 | UPD70116C-10 12.90 | AO741KN 3.69 | \om7218ElJL 14.76 | LM723CH 2.80 | PM7548HP 714.04 | TLE2161CP 2.42 ‘| 75136 3.10 | 2N2369A 0.20 | 95a1264N 2.80 
MC6809P 6.78 | UPD70116C-8 9.20 | AO7523KN 6.80 | ICM7224IPL 7.77 | LM723CN 0.70 | RC4136N 0.90 | TMS3477NL_ 5.96 | 79138 4.40 | 2N2484 0.32 | 9541265N 2.76 
MC6821P 1.80 | UPD71055C 4.38 |AD7537JN 27.11 | |CM7226AlJL 26.12 | LM733CN 2.65 | RC4193N POA | TPIC2406NE 7.14 | 75140 2.65 | 2N2894 0.78 | 2541283 0.24 
MC6840P 5.05 | UPD7201AC 11.68 | AO7537LN POA | icm7226BIPL 25.04 | LM741CJ-14 2.20 | RC4194N 2.85 | TPIC2802KV 8.40 | 75150 1.60 | 2N2905 0.29 | 2541295 2.76 
MC6844P 18.40 | UPD7201C 6.80 | AD7542KN_ 11.98 | |CM7249I1DM_ POA | LM741CN 0.45 | RC4207GN 1.92 | TPIC6259N 3.28 | 75150M 2.65 | 2N2905A 0.32 | asa1302 3.74 
MC6845P 7.38 | UPD765AC 5,42 |AD7543JCWE POA | ICM7555IBA 2.40 | LM747CH 2.40 | RC4558 0.90 | TPIC6273N 3.28 | 75152 6.36 | 2N2907 0.27 | 2541399 0.78 
MC6850P 3.35 | UPD765AC 5,42 | AD7578KN = 40.15 | i©M7555IPA 0.64 | LM747CN 0.90 | RC4558P 0.60 | TPIC6S9SN 3.28 | 75154 1.75 | 2N2907A 0.30 | 2541482 0.78 
seen s'ag | MC68705R3P 25.35 | UPD780C-1 4.76 PESSET pi ICM7556IPD 1.30| LM78GCP 2.40 | REFOICP 2.10 | TSC426CPA POA ES di prt 2SA1515 0.78 
pst 3 49 | MC68A00P 7.02 | UPD80C39HC 8.42 | ADCOBOION, „aqo | M6403IPL 10.80 LM79GCP 2.40 | REFO1HP 2.98 | TSC500CPE POA | 75198 ye eee 0:79 | 25A1516 3.72 
a5 3 go | MC68A09P 7.62 | UPD8155HD 5.84 | ADEORZOEON 74s | 272 2.10 | LM833N 2.82 | REFO2CP 2.30 | TSC7106CPL 6.81 | 75157 ae | oe 0.92 | 25A156 1.40 
saraaa iaga aa p0. | MCSSTAP 6.60 | UPD8251AFC 4.08 | NO aan eM toto | 272M 2.10 | LS285AB 2.40 | REFO3GP 2.30 | TSC7116CPL 5.25 | 75159 meet | een 0.76 | 254235 1.60 
BICABE N te 2440 | MCM681oPp 3.00 | UPD8253C-2 3.32 | APRA CUM 1266 | Lease 3.90 | LS288B 3.60 | REF25Z 1.12 | TSC7126CPL 5.35 | 751604 eer, | oes 1:20 | 254485 1.80 
RERA P tgs |MCM68A10P 5.35 | UPD8253C-5 3.32 | NOEBARE IO Teg | L297A 4.69 | LS7210 4.40 | S2560A POA | TSC7660CPA 1.40 | 75164 eo. heweee 0-98 | 25A545 0.78 
ESRAR = ga | MM53200N 3.40 | UPD8286C POA JADOO toya | L48050V 2.20 | LTIOO6CNB 2.72 | SAA1027 6.51 | U1096B sar [70 e ORe see 
te eCH J gg | MM58167BN 10.64 | UPD8741AD 12.52 | A azoiakN 486 | L487 3.15 | LT1010CT 4.58 | SAA1043P 7.98 | U2066B 2.64 | 79172 a berii BP IC SOCKETS 
Beane Sey | MM58174AN 14.80 | UPDB749HC 13.98 | AOS roren. Teg | L4960 3.15 | LT1028CN8 7.32 | SAA3049P 9.92 | U2400B 6.60 |75173 pee Me LOW PROFILE 
ABN hag | MMS8274CN 9.18 | V20-10MHz 9.10 | ADOVOTON 190 | L702B 2.94 | LT1032CN 4.70 | SAASO25D 7.65 | U664B 3.95 OTM oe, See oe i 
E + og | MSM5832RS 3.39 | V20-8MHz gos Pee 7:20 | La6250 POA | LT1070CT 9.14 | SAa6002A 10.80 | UA2240PC 1.40 a a | ae pile No. Pin Gold Tin Gold 
aaiocLecsesP 26g |MSMB0C35RS 4.90 | V30-10MHz — 12,90 | V3 1° 7 S50 | LA6358 POA | LT1083CP 8.82 | SASS60S 3.40 | UA709CP 0.85 | 75175 ae, | Saree a of spacTurn sidr sidr 
AMDSLEDR69P 2.68 | MSMBOC39/SMD6.45 | V30-8MHz a20 A Saa sing | LASSI POA | LT1086CT 2.90 | SED2000FVA 9.60 | UA709PC 0.85 | 75176A ae la re Pins-ing Pin Tail Tail 
AM2602PC 230 | MSM80C85A 3.95 | V61C30P Z y-6.1050 poa | 6520 POA | LTC1052 7.97 | SFC2301ADC 6.78 | UA715HC 4.50 Sopa ioe _ | osicoda eed 6 0.3 18p 6p 18p 
AMDELS31DC 2.30 | MSM8OCB5A-2 5.98 | VCO106N6 80 PRO ane |T 2.30| LTC485CN8 2.16 | SFC2741DC 0.18 | UA723CP 0.70 | 78176 om eave om 8 03 18p 6p 18p 
AMDELS31PC 126 |MSMB0C86 7.60 | Z0B00110PSC 16.90) 2 top | LC7522 Poa | LTC490 4.40 | SG3524N 4.60 | UA733CJ 2.98 | 75177 eng pve rah 14 0.3 31p 8p 31p 
AM27S191ADC 10.20 | MSM81CSS 4.60 | Z0868112PSC 3.20) 5 A6208 149 | 07555 POA | M5218AL POA | SI7660CJ 1.92 | UA74iMP 0.60 wats paper | oas 519 16 0.3 33p 10p 33p 
AM275281PC 625 MSM82C51A 3.58 | Z180-MPU POA CAA046 nes LD111ACJ POA | M5220 POA | SL1452 6.75 | UA741TC 0.28 akie eee | See sie 18 0.3 39p 11p 39p 
AM2964BDC 12.36 MSM82C53-2 3.98 | Z8001B-CPU 11.96 : LF13508D 18.20 | M5238L POA | SL2364C 3.97 | UA748CP 0.36 : 5 20 0.3 45p 12p 45p 
36 | MSM82C53-5 358 | 28018008VSC 8.25 | CA3046(SMD) 0-89 | LF311H 10.80 | M5298P POA | SL3117B POA | UA748TC 0.52 | 75188 0.40 | 2N405 2.30 | 22 0.3 54p 14p 
MSMB82C54-2 4.20 | Z80A-CPU 1.25 | CA3054 0.94 | LF347N 4.10 | M706B1 1.25 | SL486DP 2.98 | UA77000UIC. POA | 75189 0.85 | 2N4062 0.32 | 24 0.3 54p 14p 
MSMB2C59A-2 3.98 | Z80A-CTC 1.98 | CA3059 1.20 | LF351N 0.60 | MAX1232CNG POA | SL490B 2.51 | UA798TC 3.80 | 75189A 0.85 | 2N4091 0.78 | 24 0.6 54p 14p 
MSMB82C84A 3.30 | Z80A-DART 3.15 | CASO78AT 2.42 | LF353N 0.42 | MAX1232CPA 3.57 | SL560CDP 3.00 | UCN5800A 2.40 |75361 2.84 | 2N4123 0.10 | 28 0.6 60p 16p 
MSM82CB4A-2 3.60 | Z80A-DMA 3.95 | CA3079 0.88 | LF355N 0.70 | MAX1259CPE POA | SL6270C 3.30 | UCN5801A 2.60 | 75365 2.72 | 2N4124 0.20 | 32 0.6 65p 22p 
MSM82C88 12.60 | Z80A-PIO 1.25 | CA3080E 0.70 | LF356N 1.40 | MAX162ACNG POA | SL6700CDP 5.47 | UDN2981A 2.00 |75437A 3.26 |2N4125 0.18 | 40 0.6 70p 22p 
N80C286-10/pi 24.50 | Z80Aa-siO;o 3.40 | A3081 0.96 | LF357BN 4.98 | MAX232ACPE 4.84 | SN5281CN POA | UDN2982A 2.00 |75450B 0.64 | 2N4126 0.32 | 48 0.6 85p 
N80C286-12/p! 29.54 | Z80B-CPU 1.52 | CAS089E 1.22 | LF357M/SMD 4.98] MAX232CPE 2.80 | SN55451BUG POA | UDN6118A 1.65 | 75451 0.28 | 2N4221A 2.96 | 64 0.75 260p 
N80L286-8C2/p136.20 | Z80B-CTC 3.00 a nE R LF357N 1.05 | MAX232EWE 3.80 | SOC12 0.20 | UGN3501M POA |75451B 0.48 | 2N4236 3.72 | 64 0.9 260p 
N8235N 3.68 | Z80B-DART 5.80 “0 | LF398N 2.75 | MAX232N 2,80 | SP1648DG 5.53 ; ERAS 
N8264N 3.68 | Z80B-DMA  POA| CAS096CE 2.67 | LF411CN 0.75| MAX280CPA 6.94 | SP4534 a | oai poai COMPUTER - HARDWARE& SOFTWARE 
N82S126AN 3.25 | Z808-PIO 2,20 | CA3097E 2.60 | LF412CN 1.21 | MAX452CPA 5.38 | SP4740DP 4.46 | p oh Ses Di aa | th 
N825181F 10.04 | Z80B-SIO CA3120E POA | LF441CN 0.75| MAX627CPA 2.98 | SP86290P 3.44 rocessor us Chip ache Expen pension oardSize rce 
AY-5-8136-006 NS16450N 4.68 CA3130BT 19.20 | LF442CN 0.99 | MAX660CPA 5.72 | SP86600P 4.96 Intel Set RAM Memory Slots inmm € op 
C1164/SMD 4.98 | NS16550AFN 12.60 paneo Ee CA3130E 1.10 | LF444CN 240| MAX690ACPA 6.58 | TA7215P + 99 | 80486DX2-66 ISA SIS AMI 256K 32MB 6xt6bit,1x8bit 245x220 499.00 
C8231A 59.00 ; a ae CAS140AE 1.34 ; i : 80486DX2-66 ISA ALI AMI 256K 32MB — 5x16bit,2xabit 220x220 490.00 
NSC800N-1 10.80 LHOOO2CN 10.80 | MAX694CPA_ POA | TA7256P 200 | ce ER Se Na Seek: Sa. Biieoe Vance ese, | ani be 
P8032AH 429 | canned > EE CA3140E 0.60 | LHo0032CG 33.60 | MAX697CPE POA | TA7368P POA ee A A ani Z dete araen ne S PRE mer 
PROSIAH 11:20 |Saeenee gan |e ee 0.90 ]im1o1AH 5.65 | MAX7219CNG 7.15 | TA7essP poa | 80486DX-50 g S sahaan veg mip: 
62 | P8052AH/Basic 23.45 rep | CAD EGE 1.25 | LM10CN 9.24] MAXe2TICPA 2.28.|TATeNdsAP POA | SO48GDICSS ISA SIS AMI 258K SWE Oioi ae eae 
CD82C86H-5 9.74 | PgOgoA 3,90 AMA1503GXB 4.68 | CA3240E 1.94 | UM141H 674| MAX901BCPE POA | TA8200AH poa | 80486DX-33 ISA ALI AMI 256K 32MB  5x16bit,2x8bit 220x220 325.00 
CG80C286-12 48.50 | pgogsA.2 “ag | BAA1505 1.80 | CA3240E1 B16" | iian 3.40 | MCI377P oe TAROK ago | 80486SX-25 ISA SIS AMI 128K 32MB — 6x16bit,1x8bit 245x220 220.00 
CG80C286-16 65.00 | Barge aro Sag | CLA25106/PLCC 5.95 | CA324E DEO | MAAN Saa | MCIM3P sa Eas poa | 803860X-40 ISA SIS AMI 64K 16MB 6x16bit,1x8bit 220x220 128.00 
COM8136 6.45 | Benge 4.80 GA05001GDB 3.20 | CA3260E 1.68 | LM1391N 3.40|MC14411P 11.38 | TA8659AN poa | 80386SX-33 ISA SIS AMI OK 16MB 6x16bit,1x8bit 220x220 79.00 
COM81C17 8.15 | pg0C31BH Maa | KS-49258/PLCC 5.92 | CA3280AE og aa Sao Maidel 17.80 | TARARIA poa | 80486DX2-66 VESASIS AMI 256K 32MB 7xI6(AT).2x32(VESA) 260x220 510.00 
CP82C54 6.42 | Daocasat.o 12.60 | Mu1454BB 7.65 | CA3280E 3.42 | taieen aa] MeTaaaee > APA TRS 060 | 80486DX-50 VESASIS AMI 256K 32MB 7xI6(AT),2x32(VESA) 260x220 470.00 
CRT-8004-001 9.65 | p8155H/2 Sop | MK5175N 3.80 | CA555CE 020 | (rsaaen Sas | Wovasseer 1:210 (HaADAOE poa | 80486DX-33 VESASIS AMI 256K 32MB — 7x16(AT).2x32(VESA) 260x220 349.00 
CS8205 8.92 z OC-147-7 2.40 | CA741CE 0.18 : All Mother Boards are supplied with Zero K bytes of RAM, Add £28 per MegaByte of RAM. 
P8185 18.10 LM1801N 7.92 | MC1455P 0.40 | TBA570 POA 
D3232 5.60 | bavos > 09 | PB0352303 4.35 | CS5503-KD POA | CM1881N 3.60 | MC1455P1 0.60 | TBAB20MT POA | CONNER HARD DISK DRIVES MICROPROCESSORS 
D8086 5.48 | pg212 9.49 | L34108 6.80 | Cx7925B POA | LM1889N 7.40 | MC1458P 0.32 | TBA920 POA | CP-30104E 120MB 19msec3.5"LP £189.00 80286-16MHz INTEL £65.00 
pone? 8.80 | pg226 2.40 | an 3.60 | D169CJ POA |imigoan 416| MC1488L 2.40 | TBA990 POA | CP-30174E 170MB 19msec3.5"LP £219.00 80386DX-40MHz AMD £75.00 
08202A POA | 550514 3,90 nice pee ee ae LM218H 15.75 | MC1488P 0.58 |TC9106BP POA | CP-30344 343MB 13msec3.5"LP £575.00  80486SX-25MHz INTEL £125.00 
P8253 2.80 | OMVISGNI 7:88 | pacnsce S67 |LM239N 3.90 | MC1489A 0.80 | TCA335A POA 80486DX-33MHz INTEL £275.00 
P8255A-5 3.90 | Quviscw1 7.86 | DACOREP S LM2901N 1.16 | MC1489AL 2.25 | TCA965 POA | QUANTUM HARD DISK DRIVE : 80486DX-50MHz INTEL £375.00 
P8259 285 | ouvosc 8.42 | DACIOOBLCN 1073 | LM2903N oas|MC1489AN 0.80 | TCM1S20AP 1.98 | ELS-170 170MB 17msec3.S°LP £170.00  80486DX2-66MHz INTEL £350.00 
areas 8 7 gs | P8259A 3.20 | Quvezawi 6.90 | pacizzaLeN 20.40 | LM2904N 0.85 | MC1489L 2.20 | TCM1531P POA | FLOPPY DISK DRIVES 
D82C288-10 10.96 | P8274 9.98 | S4534-AMI 4.20 $ LM2917N-14 6.10 | MC1489P 0.46 | TCM1705AN POA | TEAC FD-235HF 1.44MB 3.5" £35,100 CO-PROCESSORS 














P8279-5 3.20 DG201ABK 3.83 | UM2917N-8 5.80 | MC1496N 2.20 | TCM3105N 8.97 



































































































TEAC FD-55GFR 1.2MB 5.25" £39.00 80287-8 INTEL £40.00 
Pocrcese | yen | Peza2 2.64 | SaasossD $40 |Oaeviacy fae |LM2940CT15 273| MC1558L 3.32 | TCMS087N 2.40 | TEAC FD-505 3.5"+ 5.25" £99.00 80287-10 INTEL £48.00 
RAJAA 9.95 | P8286 3:60 | Scme6115P 3.40 | pascecd 595 |LM2940CT5 210| MC1648P 12.40 | TCMS089N 2.40 | MITSUMI  D359T3 144MB 3.5" £3500  80287-XL INTEL £65.00 
PMSADIÄ > az | P82C54 4.10 | Sas7p0s0 455 |psaaan 225 | LM2984CT 7.50 | MC1658P 12.78 | TDA1083 2.60 | MITSUMI  D509V3 12MB 5.25" £3200 80387DX-33MHz INTEL £65.00 
DEE SAN § 36 | P82C54-2 4.00 | S514605 576 | pe1acoaiSaib ses | OTAN 0.36 | MC1709CPI 1.20 TDA1085A 2.96 | MITSUBISHI MF355C/258MG 1.44MB 3.5" £29.00 MEMORIES 
39 | PALIOL8CN 1.90 j ‘65 | LM307N 0.84|MC1723CP 1.20 | TDA1085C 3.80 | MITSUBISHI _MF504C/318MP 1.2MB 5.25" £35.00 
DP8238N 6.36 ULAIRB029E1 6.80 | DS14C88N 1.65 å x SIMM 1Mx9x9 CHIP70ns £28.00 
PALI2H6CN 1.90 LM308N 1.10 | MC1741CP_ 0.45 | TDA1151 1.10 | CANON MD5501-V6 3.5"+5.25" £99.00 
DP8304BN 2.34 | paLieRraBcn 217 | ULA2ORKO08E159.72|DS14CB9AN 1.65 | LM310N 298| MC3242AP 7.54 | TDA1170S 280 SIMM 1Mx9x3 CHIP70ns £29.00 
DP8311N 6.54 | parooL10cNns 435 | 019683 3.60 | HA12017 1.44 | UM311N 0.30 | MC3301P 0.88 | TDAISISA 498 | FLOPPY DISKS SIMM 4Mx9x9 CHIP 70ns £107.00 
Derep 6.44 | paLzoxacns 332 | ZNA2LO29J-BS 3.80 | HA13426 11.96 | LM311N-14 215| MC3302P 0.60 | TDA1521A 4.37 | MANUF. 3.5"/1.44MB 5.25"/1.2MB SIMM 4Mx9x3 CHIP70ns £107.00 
DS1231-20 4.44 3E | ZNPCM1J-BS 8.95 | HA17723 1.10 pe CETA SIMM 256Kx9 CHIP 8Ons £10.00 
DS1232 3.96 | PALC16L8Q-25CQ OPTO pyrene poa | LMS12H 8.95 | MC3340P 1.60 | TDA1576 2.95 | TDK £ 10.65 £7.45 
AER Saa 6.10 LM317AT 2.60 | MC3357P 3.20 | TDA1578A 3.60 | SONY £10.10 £7.65 
£3 | PALC20L8Z-45CQS Sate em | HEF4754V 22.20 | 1 M317T 0.52 | MC3403P 1.40 | TDA2595 3.32 | FUJI £10.10 £765 SOFTWARE 
5.17 HI1-0201-5 3,60 |11317T-SGS 0.52 | MC3446AP 6.75 | TDA3048N 1.85 | MITSUBISHI £10.70 £7.00 MICROSOFT ORIGINAL 
PALC22V10H-35QS | 4N25 0.60 | HI1-508A-5 11.21 | LM318N 2.60 | MC3479P 7.92 | TDA3505 POA | UNBRANDED £ 6.50 £4.50 MS DOS 5 £40.00 
8.34 | 4N26 0.60 | HI1-549-5 POA | LM319N 1.60 | MC3523U 5.80 | TDAS810 POA | Price per Box of 10 Disks MS DOS S5/WINDOWS 3.1 £82.00 
Popsss4P 8.28 | 4NS3 0.40 | HI1-S74AKD-5 42.50 | LM320LZ-12 0.34 | MC4024P 12.78 | TDA440 POA | GRAPHIC CARDS MS DOS 6 P.O.A, 
PCF8566P 8.28 | 4N38 0.56 | HI3-0201-5 3.20 | LM324AN 3.66 | MCT2 0.84 | TOA4510 3.38 | TRIDENT TVGA 8900 Trident 1MB SVGA £41.00 
PCF8566T 8.28 | 6N139 1.60 aoe Ab LM324J 1.20 | MCT61 1.18 | TDA4563 3.38 | TRIDENT TVGA8900CL New Trident 1MB SVGA £44.00 IMPORTANT 
PCF8570P 7.85 “a Sn LM324N 0.35 | MF10CCN 8.95 | TDA4660 POA | CIRRUS LOGIC XXXX 1MB SVGA €52.00| All prices quoted are 
PCF8573P 6.72 HSS74-AK 1850 oe pa nee pape betes ore TSENG LAB ET-4000 1MB SVGA £60.00 Excluding V.A.T. 
PCF8574P 5.90 . ‘ ; ' ; : : 
DS6000-32-12 47.50 | PGFa574T. 590 ICL7104-16CPL26.08 | | 143342 180| MMS3105N 4.98 | TDAB702 | oe eae porn 





































DS8640N 1.20 METHEUS Premier 1M TSENG LABS ET4000 £240.00 Postage & Packing 


HCPL-2200 5.98 


























































ICL7107CQH/PLCG j 

Became 2s] POreeetP eo oo L7107CQ zC g | LM3352 216| MM80C95N 1.44 | TEA1045 POA | KEYBOARD & MICE Charge of £3.00 is 
DS8832N Dag | ore S10 om, ke (lpi sales ANPI PBA | Tee 4.20 | MITSUMI KPQ-E99YC 102 UK KeyBoard, Regular Size £20.00| applicable to all goods 
DS8836N 3 44 | ROS2OR AAO i eeto beo licirtnocpL Boe |e Re | TRASS POA | MITSUMI KPQ-E99AC 102 UK KeyBoard, Space Saver £20.00| under the heading of 

; R6522 4.40 : LM337T 1.15 | MUX24FP 9.60 | TIPC2801KV 8.40 i ‘Personal Computer 
DS8837N 2,40 HCPL-2730 3.45 | ICL7117CPL 5.25 BTC 7849R 102 UK KeyBoard, Regular Size £24.00 
eee 2.40 | Rescozp2 5.84 | HCPL-2731 3.20 |ICL7126CPL 5.35 | LM339N 024| MV601DP 3.36 | TLO62CN 0.48 VO CARDS MASES Bihin sae DAD 
inea reo R65C02P3 6.90 a peed Sopi FF LM340AT12 1.68 | MV8870DP 5.52 | TLO62cP 0.48 | iO 9S/1P/1G with cables e10.00| Postage & Packing will 

"`g | R65C102P2 6.85 ; 4 | M340T12 0.30 | NES27N 3.71 | TLO64CN 0.48 | IDE 2HD/2FD/2S/1P/1G/512kB with cables £15.00 | all destinations outside 
EF68B00P = «3-18 | Rescoip2 _—_5.94 | LOT 2.25 |ICL7606CJN 12.24 | LM340T15 0.30 | NE532N 0.60 | TLO64ID/SMD 2.10 


the United Kingdom. 


EF68B21P 1.44 IDE99/512k CACHE Controller, 2MB RAM, Max 8.5MB £89.00 


IDE99/2.5MB CACHE Controller, 2.5MB RAM, Max 8.5MB £125.00 


PLEASE SEE PREVIOUS ISSUES FOR OTHER ITEMS & FEB/MAR 1992 ISSUES FOR LEDs,DISPLAYS & RELAYS. 


PLEASE ADD 95p P & P and then 17.5% VAT. OFFICIAL ORDERS from Govt. & Educational Establish- 
VIEWCOM ELECTRONICS ments are accepted. VAT at 17.5% is chrageable to all orders received from EC Member Countries unless 
77 UPPERTON ROAD WEST VAT Number is quoted. OVERSEAS orders, postage AIR/SURFACE will be charged at cost. VAT is not 
PLAISTOW, LONDON E13 9LT applicable for EXPORT orders from Non-EC Member Countries. Stock items by return of post. 
N.B. All prices are subject to change without notice & stock availability. 


Retail Shop: 139, New City Road, Plaistow, London E13 9PX 


IS074 2.25 |ICL7611DCPA 1.32 | LM340T5 0.30 


R65C22P2 4.80 NE536H 4.90 | TLO71ACP 1,84 



















PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 








FIGURING IT OUT 


PART 7 - MORE DUALS 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


his month we examine the 

converse of several topics dealt 
with in previous parts. Although 
nothing fundamentally new isin- 
volved, since we are looking at 
familiar topics upside-down or 
back-to-front, a change of ap- 
proach often turns an intractable 
problem into a solvable one. 


Nodal analysis 


In Part 4 we saw how to ana- 
lyse anetwork by applying Kirch- 
hoff’s Voltage Law and calcu- 
lating the currents circulating in 
the meshes of the network. This 
ismesh current analysis. Now 
we look at the dual of this tech- 
nique. We apply Kirchhoff’s Cur- 
rent Law, calculate the currents 
flowing into and out of the nodes 
of the network, and thus find 
the node voltages. This method, 
known as node voltage analy- 
sis, is more appropriate when a 
circuit is powered mainly by cur- 
rent sources rather than by volt- 
age sources. 

We begin with a very simple 
circuit (Fig. 55) that has only 
two nodes. Apply KCLto node A: 


total current entering A = 
total current leaving A, or 
Yo 4 %/,= I, so that 

I= 1A, 


Taking the potential at node B 
to be 0 V, the pd across the 2 Q 
resistor is 1x2=2 V. Thus, the 
potential at node A is 2 V. This 
is the one of the circuits that we 
analysed in Part 4, but with the 
voltage sources replaced by cur- 
rent sources. 

In Fig. 56 (another circuit mod- 
ified from Part 4), there are three 
current sources and four nodes. 
Currents are determined either 
by the current sources or by the 
pds across resistors (I= U R). The 
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Fig. 57 


unknown potentials at nodes A-D 
are denoted by U,—Up. Applying 
KCL to each node: 


Node A: 
(Up—U4)/2=5+2; 


U,- Ug=-14. [Eq. 37] 


Node B: 
(U;p—Up)/5 +5 =(Up—Uy4)/2; 


5U\—7U+ 2Ucp=—50. [Eq. 38] 


Node C: 
(Up—Ug)/5-3; 


Up—Uc=-10. [Eq. 39] 
Node D: 

(Up—U3)/4=243; 

—Up+ Up=20. [Eq. 40] 


This provides a set of four si- 
multaneous equations for cal- 
culating the four unknown volt- 
ages. In Part 4, we solved such 
equations by using determinants 
(and a computer program), but 
this technique does not work 
here. If you try, you obtain one 
or more determinants with zero 
value. The potentials are inde- 
terminate under this technique. 
This makes sense, for we can 
take any one of the potentials 
to be 0 V (or any other voltage 
that we care to choose) and all 
other potentials are relative to 
this. For example, adding 100 V 
to all the potentials makes no dif- 
ference to the currents flowing 
in the circuit. In particular, ifone 
node is said to be at 0 V, one col- 
umn of the determinant has all 
zero elements, and its value is 
zero. 

Usually, we can evaluate the 
potentials by solving the equa- 
tions one at a time, beginning 
with the simplest. Let us take Up 
as the zero level. Eq. 40 gives: 


—Up=20, or, Ugp=—20 V. 
Putting this value into Eq. 37: 

—20—-U,=14, so that 

Uy=-34 V. 

Similarly, with Eq. 39: 

—20-—U;=-10, so that 


U;=-10. 
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As a check, we evaluate Eq. 38: 
5 x-34—7 x—20+2x-10= 
—170 + 140-20 =—50. 


Summing up nodal analysis: 
on the circuit diagram, note cur- 
rents provided by current sources; 
evaluate other currents by ref- 
erence to known potential dif- 
ferences and resistances. At each 
node, equate the sums of the en- 
tering and leaving currents. Solve 
the set of equations obtained for 
the nodes. It is not always nec- 
essary to work at every node 
and solve every equation to ob- 
tain the information required. 


Norton equivalent 


The Norton equivalent is the 
dual of the Thévenin equiva- 
lent. In Part 3 of this series we 
showed how a 2-terminal net- 
work of voltage or current sources 
and resistors could be replaced 
by a single voltage source in 
series with a resistance. This 
is the Thévenin equivalent and 
is a very useful concept for sim- 
plifying the analysis of networks. 
When we drive the Norton equiv- 
alent of a network, we obtain a 
single current source in par- 
allel with a conductance. Note 
the three sets of duals: voltage- 
current, series-parallel, resis- 
tance-conductance. Figure 57 
contrasts the two equivalents. 

If the Norton equivalent cir- 
cuit is short-circuited, all of the 
current from the internal current 
generator flows through the ex- 
ternal short circuit: 

Firmly [Eq. 41] 
where‘se stands for short circuit. 
We can calculate Iy by finding out 
what current flows when termi- 
nals A and B are connected to- 
gether. 

When the Norton equivalent 
is an open circuit, the current 
from the generator flows through 
the Norton conductance and pro- 
duces an open-circuited pd across 
it 


U,=1Ly/ Gy, 
giving 
Gy=lIy/U w: 
Substituting from Eq. 37: 
Grle Ley. [Eq. 42] 


To find the Norton equivalent 







d —0.768A 











> 


0.739S 
p- = n 
I 
im e = l 
20 = 0.333S 
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Fig. 58 
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conductance, divide the short- 
circuit current by the open-cir- 
cuit pd. 

Comparing Eq. 42 with the 
equations for the Thévenin 
equivalent quoted in Part 3, we 
see that: 


Gy= 1/Rp- [Eq. 43] 
Also, 
ial = Un, / Rih [Eq. 44] 


The following example (see 
Fig. 58) shows how the Norton 
equivalent is used for solving 
network problems. Its use may 
be contrasted with the way we 
used the Thévenin equivalent 
in Part 3. We are required to 
find the current flowing through 
the 3 Q resistor. This problem 


ELEKTOR ELECTRONICS JULY/AUGUST 1993 


930010-VII-15 


59 


could be tackled by mesh analy- 
sis and solving three simulta- 
neous equations, but we will cal- 
culate the Norton equivalent in- 
stead. 

Figure 58b shows the situa- 
tion: we wish to obtain the equiv- 
alent of the whole network ex- 
cept for the branch that contains 
the 3 Q resistor. The pd across 
AB is U,=Uy,. To find this, we 
need to know the current flow- 
ing through the 5 Q resistor, and 
this is found by mesh analysis. 
Mesh 1 includes the 10 V and 
4 V sources as well as the 5 Q and 
two 1 Q resistors, so: 


Th-h=14. [Eq. 45] 
In mesh 2: 
1+ 71)=8. [Eq. 46] 
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Solving equations 45 and 46 gives: 
[;=2.208 A and [)=1.458 A. 


The pd across the 5 Q resistor 
is 5x2.208=11.04 V. Thus, the 
potential at A=10—11.04=—1.04 V. 
This tells us that Up,=—1.04 V. 
Note that the 3 Q resistor does 
not enter into the calculations 
since this branch is considered 
to be an open circuit and no cur- 
rent flows through that resistor. 

Figure 58c, in which voltage 
sources are replaced by short 
circuits, is used for calculating 
Ry, by network reduction (see 
Part 1). Resistors of 6 Qand 1Q 
in parallel result in 0.8571 Q. 
In series with 1 Q, this makes 
the righthand side of the figure 
equivalent to 1.8571 Q. In par- 
allel with 5 Q, the network is 
equivalent to 1.354 Q. In other 
words, Ry, =1.354 Q. 

We now have the quantities 
required for using equations 43 
and 44 to calculate the Norton 
equivalent: 


Iy=—1.04/1.354=-0.768 A 
Gy=1/1.354=0.739 S. 


Figure 58d shows the Norton 
equivalent. The 3 Q resistor is 
drawn in dashed lines across 
AB as a load. Its admittance is 
1/3=0.333 S. The current flowing 
through the 3 Q resistor is pro- 
portional to its admittance: 

I =-0.768x0.333/(0.739 + 0.333) = 

—0.239 A. 


An applicable example 


The network of Fig. 59 is in two 
parts but, as they share only one 
common line, they can be treated 
separately. The problem is to 
calculate the value of current I 
and then pd U across the 750 Q 
resistor. 

The 1 kQ and 250 Q resistors 
in parallel are equivalent to 200 Q, 
so the total current flowing from 
the source is 20x107/200=0.1 mA. 
This is split between the resistors 
in inverse proportion to their 
resistance, so 


I,=0.1x1034/5 = 80x 104A. 


Moving on tothe other side of the 
diagram, the controlled current 
source produces a current of 


1007=100x80x10*=8x107 A. 
The three resistors in parallel are 


equivalent to 410.96 Q. The pd 
across them is 


i GENERAL INTEREST 


U=Uo sinwt 
930010-VII-16 


Fig. 60 
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U=Uo sinwt 
930010-VII-18 


Fig. 62 
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U=8x10"x410.96=3.288 V. 


An examination of the stages of 
this calculation shows that, ifwe 





alter the output from the voltage 
source, U varies in proportion. 
The ratio between source voltage 


and U is: 
A = 8.288/20x107= 164. 


The circuit has a voltage gain of 
164. This is not suprising, for the 
circuit of Fig. 59 is the equiva- 
lent of a common-emitter am- 
plifier. The 20 mV source repre- 
sents the input to the am- 
plifier, perhaps from a mi- 
crophone. The 1 kQ resistor 
represents the biasing re- 
sistors in parallel. The 250 Q 
resistor represents the input 
resistance, A, at the base 
of the transistor. Since this 
resistance varies with base 
current, it would be better 
: represented by a controlled 
: voltage source. Current Jj, 
: is the base current, node B 
` is the base terminal, and 
node E is the emitter ter- 
minal. On the other side, 
the controlled current source 
represents the amplifying 
action of the transistor with 
a small signal gain, Ap, of 
100. The 10 kQ resistor rep- 
resents the output admit- 
tance, A, the 1 kQ is the col- 
lector resistor, and the 750 Q 
is the load. 

This fairly simple example 
has been included to allay the 
suspicions of those who may be- 
heve that network analysis is con- 
cerned with resistances and sources 
connected in unlikely configu- 
rations. Figure 59 is a repre- 
sentation ofan entirely practical 
circuit and, drawn in this form, 
itimmediately becomes amenable 
to the techniques of network ana- 
lysis described here and in pre- 
vious issues. 


LCR in parallel 


In the sense that the parallel 
connection is the dual of the se- 
ries connection, we now examine 
the dual of the LCR circuit de- 
scribed in Part 6, Fig. 45. Figure 
60 shows the classic LCR cir- 
cuit with a sinusoidal pd applied 
to it. At any instant, the same 
pd appears across all three 
branches. KCL applies to the 
instantaneous currents through 
the branches and J is the sum 
of these. To determine the cur- 
rents, we use a technique simi- 
lar to that employed in Part 6 
for the LCR series circuit. Figure 
61 shows the vector diagram, 
which is similar to Fig. 48 ex- 
cept that, showing currents in- 


stead of pds or impedances, Iç 
leads the applied pd and J; lags 
it. The technique for analysing 
the currents is the same as for 
pds or impedances. 

More often than not, we con- 
nect a capacitor and an induc- 
tor in parallel, but without a 
parallel resistor. Even so, resis- 
tance plays a part in the circuit, 
a small resistance being inher- 
ent in the construction of prac- 
tical capacitors and inductors. 
Figure 62 shows the more prac- 
tical situation. If we think of the 
branch that contains the capac- 
itor as a series RC circuit with 
an applied pd of U,sinwt, we cal- 
culate the phase angle as we did 
last month for pds, except that 
this now has a lead instead of a 
lag (duals again!). Similarly, the 
inductor current lags the ap- 
plied voltage. 

For the capacitor: 


g=tanlX//Re; 
and for the inductor 
@y=tan1X;/R;. 


The vectors are shown in Fig. 63. 
The total current, I, is the vec- 
tor sum of I¢ and Iz. If there were 
a third branch in the network, 
with pure resistance, its vector 
would lie in the same direction 
as U and could be added to the 
other two currents to obtain the 
total current. If Re or R; is very 
small (ideal components), the 
phase angles are the inverse tan- 





RF 
B C 
hie RL 
J4 4 HE 
= 
lb 
E 


gents of very large values and ap- 
proach 90°. We are back to Fig. 61 
again. In practical circuits, the 
working is not as simple. We can 
analyse the circuit graphically 
by making scale drawings like 
Fig. 63 and measuring J. This is 
nota precise technique. We need 
anon-graphic technique for adding 
vectors when they are not con- 
veniently perpendicular to each 
other. This is to be the subject 
of next month’s instalment. 


Test yourself 


1. By using nodal analysis, cal- 
culate the potential at each 
of the nodes in Fig. 64a, tak- 
ing node C to be at 0 V. Calculate 
the current along each branch. 

2. Calculate the Norton equiva- 
lent ofthe network in Fig. 64b, 
omitting the 4 Q resistor on 
the right. Hence, calculate 
the current, /, through this re- 
sistor. 

3. Figure 64c is the equivalent 
circuit of a common emitter 
amplifier in which bias is pro- 
vided by a feedback resistor, 
Rp, connected between the col- 
lector and base of the n-p-n 
transistor. Given the values 
shown in the figure, calcu- 
late the voltage gain of the cir- 
cuit for small signals. 


Answers will be given in next 
month’s instalment. 
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Fig. 64 
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68000-8 


“041801 Micro 


= Monitor: EPROM. 
Serial 8502 
EPROM. 

* Parallel 6502 
Midi woa 


“ z8 Micro: 
: ; 8052A Micro 
| : a501a@ Step.. 
| Leoneo Disp 4 & 8 character 


| sackenat: 
i = Quality’speech messages: : 
DEL109 PSU 
“ERASER: : 
EMULATOR | 
$ -RS232:comunications. - 

Choasa ASM: 

f: Pug of F TORO r 


Answer to problem set by Fig. 54. 

U wt/Uin 18 low at most frequencies, peaking 
sharply at 2 kHz (Fig. 65). This is a band- 
pass filter with a narrow pass band. Phase 
angle is a lag of 80° or more at frequencies 
below 1.5 kHz, zero at 2000 Hz, and lead- 
ing by 80° or more at frequencies above 


500 


Fig. 65 
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* Blaby Ri & monitor EPROM: 
“a Leo: 68" includes:- 16char Lcd, Serial. 
‘Controller, ‘Real time Clock; 40.V0, i 
4 RS232. channels, 20 1/0, 32K RAM ` 


6 RS232 channels, 8k RAM, Monitor 


~- R8232; BASIC like control lenguage k 
display Hered 


- Record/Playback Module for high’ < i 
Triple Rait Power. Supply. +541 242V ` s 
2 Eprom Eraser with: or Without Timer 
Eprom: Emulator 2764-27256 Types 


-PC based: CrossAssembler for most: Ho ; 


1,000 


From a £00 


ae 


feria £110 


64 1/0 lines aki RAM Monitor or EPROM. From £110. 


a 2125 : 
£150. 
“2175 

a4 TA 

ROT 
560 
- £130 o, 


2-5 kHz. 


Answers to 
Test yourself (Part 6) 
1, 2199 rad s7% 


OSCILLOSCOPE 

GOULD 054200-DIGITAL STORAGE... 

HEWLET PACKARD 1 7404-100MHz DUAL CHAN NEL. 
HEWLET PACKARD 1741A-100MHz DUAL CHANNEL 
WITH ANALOGUE STORAGE ......... 

HEWLET PACKARD 1 /44/-*00MHz D UAI CHAN NN El 
WITH ANALOGUE STORAGE ........... Y 
PHILLIPS 3211 - 15MHz DUAL CHAN NEL 

PHILLIPS 3217 - SOMH? DUAL CHANNEL 

PHILLIPS 3226 - 1 SMH? DUAL CHANNEL 

PHILLIPS 3240 - 50MHz DUAL CHANNEL ..W......, 
PHILLIPS 3261 - 120MHz DUAL CHANNEL 
TEKTRONIX 453 - 100MHz DUAL CHANNEL 
TEKTRONIX 2335 - 1O0MHz DUAL CHANNEL ., 
TEKTRONIX 2445 - 150MHz DUAL CHANNEL .... 


£250 
£350 


£350 
£350 


from £150 
from £250 

.. rom £150 
trom £260 

.... from £385 
.,, £350 
from £575 
from £1250 


FIGURING IT OUT (7) 


TEKTRONIX 7 313 - 100MHe 4 
WITH ANALS aves AGE .. 
TEKTRONIX 7403N - BOMH2 CHANNEL 
TEKTRONIX 7603 - 100MHz CHAN NEL 
TEKTRONIX 7623 - 100MHz 4 CHANNEL 
WITH ANALOGUE STORAGE 
TEKTRONIX 7904 - 500MH? 4 CHANNEL ....... 
TEKTRONIX 465 - 100MHz DUAL TRACE 
TEKTRONIX 46568 - 1O0MHz DUAL TRACE 
TEKTRONIX 465 - 100MHz5 
TEKTRONIX 77°04 - 250MHz 4 CHANNEL 
TEKTRONIX 7834 - 400MHz 4 CHANNEL 
WITH ANALOGUE STORAGE ; 
TEKTRONIX 7 ‘B44 4000, Az 4¢ HA NN EL 


CHANNEL 


DIGITAL STORAGE DUAL TRACE . 


from £380 


„trom £300 
„from £350 


irom £500 


. trom £750 


irom £450 
from £500 


_ from £850 


from £700 


from £750 
from £750 


—_—_eoeot_.eaow aS a IħħħĂĖ— 


RACAL DANA 
3110 SYNTHESIZER 40 - 130MH7 
5002 WIDE BAND LEVEL METER 
5003 DIGITAL MULTIMETER : : 
9000 MICROPROCESSING TIMER) THe iU NTER SOOMH? 
9081 SYTHESIZED SIGNAL GENERATOR 
9082 8 TONE SIGNAL SOURCE 
9842D PROGRAMMABLE POWER SUPPLY 25W 
98465 PROGRAMMABLE POWER SUPPLY 251 0A. 
93008 RMS VOLTMETER 
9300 RMS VOLTMETER 
934) LOR DATABRIDGE 
9084 SYTHESIZED SIGNAL GEN ERATOR - 


POA 


.. £650 


£150 
£275 
£600 


sa £225 


£250 


£400 
~. £275 


£250 
£250 
£700 


9475 RUBIDIUM FREQUENCY STANDARD 
9500/9515 UNIVERSAL COUNTER/TIMER 51 
9520 FREQUENCY COUNTER 10MHZ ..... 
9824 UHF FREQUENCY METER 0-S560MHz ‘ 
9839 FREQUENCY COUNTER (UHF) 0-560MHz 
9901 SOMHz UNIVERSAL COUNTER TIMER 

9903 50MHZ UNIV ERSA COU NTER TIMER 
9905 FREQUENCY COUNTER 200MH? 
9917 FREQUENCY METE Ri (UHF FREQ. COUNTER 1GHz} 
9932 INTRUMENT INTERFACE dss 
9303 TRUE RMS R/F LEVEL METER 


2MH2 


vo. £125 


aÁ 


HEWLET PACKARD 

1615A LOGIC ANALYSERS.. z 
1501A WITH 8755B - SWEF T AMPLITUDE A ANS ALYSER 
RACK MOUNTED 

$2008 V70 GCILLATOR 10-300MHz 

34004 AMS VOLMETER 

3300A FUNCTION GENERATOR WITH SWEEP PI UG: IN. 

34064 BRAQDBAND SAMPLING VOLTMETER 

3/104 BROADBAND TRANSMITTER FITTED WITH 37 716A By BTX. 
37028 BROADBAND RECIEVER FITTED WITH 3705A (DIFFERENTIAL 
PHASE DETECTOR) 


£300 


..-. £250 


£175 
£150 


, £250 


£175 
£750 


; £750 
3710A AND 37028 MAKE UP MICOLINK ANALYSER £1500 FOR PAIR 


3762 DATA GENERATOR 

37634 FRROR DETECTOR 

SIB4A INSTRUMENTATION RECORDER 
(AS NEW IMMACULATE CONDITION) 


... PER PAIR £750 


£800 


100 FUF/E AC VOLTMETER 

4038 AC VOLTMETER 

415E SWR METER 

5342A MICROWAVE FREQUENCY COUNTER - 1.8GHz 
651B TEST OSCILLATOR 0-10MH7z ....... À 
88200 SWEEP OCILLATOR (MAINFRAMES) 

869 
8730A STORAGE NORMALISERS 

3580A SHZ - SOKH2 AUDIO SPECTRUM ANALYSERS . 
3582A DUAL CHANNEL 25KH7 SPECTRUM ANALYSER 
35854 20-40MH2 SPECTRUM ANALYSER 

37604 DATA GENERATOR 

3761A ERROR DETECTOR 

3779A PRIMARY MULTIPLEX ANALYSER 


SWEEP OCILLATOR WITH 894 PLUG-IN (8-12. 4GHz) ........ 


LS 


MARCONI 
TF GTA 9A MILLI eer Caer METER 
TFAS 313A UNIVERSAL BRIDGE 0.1 
AF POWER METER 

TE 7 0668/6 FM SIGNAL GENERATOR 

O73 RF ATTENUATOR 0-100dB |... 

245 Q METER (WITH TF1247) } 

2 S00MH2 OSCILLATOR 
TF 290160 J ANIPM SIGNAL GENERATOR 10MHz-120MHz _.. 
TF2081/4 DIGITAL ERROR DETECTOR 
TF 20978 (WHITE) NOISE GENERATOR 
TF 2092 (WHITE) NOISE GENERATOR 


£350 
£100 
£50 
£100 
£70 


£250 


. £175 
.. £250 


£200 


. £200 


TF 2103 SINE/SQUARE 10MHz OSCILLATOR (BATTERY) .... 
TF2213/1 X-¥ DISPLAY 
TF2200 FAM MODINATION METER 
TF2300 FM/AM MODULATION METER 
TF2 330 WAVE ANALYSER ZOHZ-S0KHZ 
F2370/1 110MH7 SFECTRUM ANALYSER 
if 2432A S6OMHz DIGITAL FREQUE NCY METER 
IDEO VOLTMETER . NOE: 
TF 2600 SENSITIVE VALVE VOLT TMETE R 
ADRET 740A 0-512 MHz SYNTHESIZER 


MANY MORE MISCELLANEOUS MANUFACTURERS TEST EQUIPMENT FOR SALE. 
SEND S.A.E. FOR LIST OF EQUIPMENT 


ALL EQUIPMENT IS USED, WITH 30 DAYS GUARANTEE 


PLEASE CHECK AVAILABLILITY BEFORE ORDERING. CARRIAGE + VAT TO BE ADDED TO ALL GOODS 


TELNET 


(Premises situated close to Eastern bypass in Coventry with easy access to M1, M5, M42, M65) 


Telephone : 0203 650702 Fax: 0203 650773 


TELNET UNIT 8, CAVANS WAY, 
BINLEY INDUSTRIAL ESTATE, 


COVENTRY CV3 2SF 


4. See Fig. 66 
5.. 6.03 Hz. 
6. 31.8 pF. 


2. (a) 0.010 Q; (b) 2073 Q. 
(a) 663 Q; (b) 0.133 Q. 


i ae) 





5,000 
f [Hz] 


10,000 
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XL -XçÇ= 
-165.49 


X c=-636.69 


X =471.29 
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Fig. 66 


AUDIBLE TR 


Le tester has no operating controls 
and draws current only when the 
loudspeaker sounds. 

It comprises three oscillators that drive 
a common loudspeaker via buffering OR 
gates. Each oscillator consists of a per- 
manently fitted transistor and the tran- 
sistor on test (TOT). The oscillator fre- 
quency depends on the time constant of 
the appropriate RC network (R;C,, Ry C4 
or Rj;C;) and the current amplification 
of the TOT. Th n-p-n and p-n-p sections 
are virtually identical, but, of course, 
the supply lines are reversed. The buffer 
stages differ slightly to ensure that the 
loudspeaker remains connected correctly. 


ed | 470k | 8 
E) 


‘© 


Ci 
Sea 


10u |16V 


c3 


10u [16V 


ANSISTOR TESTER 





(+) 9V 


Tí 


BC559C 


UK 


BC517 
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The design of the stage for testing 
n-channel FETs is based on that of the 
n-p-n stage. In operation, the gate must 
be negative with respect to the source. 
Transistors T}, T; and T are high-gain 
types to prevent TOTs with a low B being 
assessed as non-functional. 

The design is such that unknown tran- 
sistors can be tested without any dan- 
ger of damage to them. The pinout of 
bipolar transistors may be EBC or BCE. 
Test leads with terminals EBCE or even 
CEBCE (both n-p-n and p-n-p) are, there- 
fore, recommended. The transistor to be 
tested is connected with its pins to dif- 
ferent terminals until the loudspeaker 
sounds. This does not only give the pinout, 
but also makes it clear whether the TOT 
is an n-p-n or a p-n-p type. The fre- 
quency of the emitted tone indicates 
whether the emitter and collector have 
been connected correctly. When they 
have not, the current gain is only about 
1, so that the oscillator frequency is high. 
If the two connections are interchanged, 
the current gain is higher and the oscil- 
lator frequency lower. 

Owing to the symmetry of n-channel 
FETs, it is not possible to distinguish 
between source and drain. When the 
loudspeaker sounds, it means only that 
the gate has been connected correctly. 

The test leads may be terminated into 
crocodile clips or quick-release, spring- 
loaded terminals. 

[R. Radius - 934001] 
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ESR ELECTRONIC COMPONENTS 


Station Road, Cullercoats, 
Tyne & Wear NE30 4PQ Derr. EE 
Tel. 091.251 4363 Fax. 091 252 2296 


74LS-Series 4000 Series TRANSISTORS LINEAR ICs SOLDERING IRONS RF CONNECTORS 








74LS00 £0.14 4000 £0.17 2N1613 £0.31 BC 186 £0.33 BD534 £0.47 CA311E £0.28 Antex Soldering irons BNC Solder Plug 50R £0.93 
74LS01 £0.14 4001 £0.17 2N1711 £0.26 BC204C £0.72 BD535 £0.48 CA324 £0.23  M12Watt £7.75 BNC Solder Plug 75R £0.96 
74LS02 £0.14 4002 £0.17 2N1893 £0.29 BC206B £0.72 BD536 £0.65 CA555 £0.22 C15Watt £7.78 BNC Crimp Plug50R £0.68 
74LS03 £0.14 4006 £0.32 2N2218A £0.28 BC207C £0.72 BD646 £0.52 CA741CE £0.18  G18Watt £7.96 BNC Crimp Plug75R £0.68 
74L804 £014 4007 £0.17 2N2219A £0.25 BC208 £0.72 8D648 £0.52 CA747CE £0.39 CS17Watt £7.88 BNC Solder Skt £1.08 
74L$05 £014 4008 £0.31 2N2222A £0.16 BC209A £0.72 BD650 £0.53 CA3046 £0.37 XS 25Watt £7.96 BNC Chassis Skt £0.80 
741808 £0.14 4009 £0.19 2N2646 £0.80 BC212 £0.08 8D707 £0.42 CA3080 £0.72  sT4 STAND £2.85 PL259 5.2mm £0.68 
74LS09 £014 4010 £0.23 2N2904A £0.25 BC212L £0.08 BD807 £0.80 CA3130 £0.98 = 35Watt Gas Iron £11 58 PL259 11mm £0.62 
741810 £0.14 4011 £0.16 2N2905A £0.23 BC212LB £0.08 BDX32 £1.78 CA3130E £0.98  DesolderPum £3.00 RND UHF socket £0.68 
74L$107 £0.23 4012 £0.16 2N2907 £0.20 BC213 £0.08 BDX33C £0.46 CA3140 £0.56 A tictatic P p £4.30 SOR UHF socket £0.45 
5418109 £0.21 4013 £0.17 2N2926 £0.16 BC213LC £0.08 BDX34C £0.50 CA3240 £1.22 SOS O eens ia ET 40 F Plug RG58 £0.30 
741811 £017 4014 £0.30 2N3053 £0.27 BC214 £0.08 BDX53C £0.47 ICL7621 £1.70 Rowe ; F Plug RG6 £0.27 
48112 £0.21 4015 £0.31 2N3054 £0.90 BC214L £0.08 BDX54C £0.50 ICM7555 £0.43 18SWG 0.5Kg Solder £6.60 N Plug RG8 £1.60 
7418113 £0.21 4016 £0.18 2N3055 £0.62 BC237B £0.09 BF180 £0.31 ICM7556 £0.96 1mm 3 yds Solder £0.62 N Socket RG8 £1.40 
74L8114. £0.21 4017 £0.27 2N3440 £0.50 BC238C £0.09 BF182 £0.31 LM301A £0.25 Desolder Braid £0.87 BNC Crimp Pliers £15.50 
žaLe12 £014 «4018 £0.27 2N3702 £0.09 BC239C £010 BF185 £0.31 LM348N £0.31 PCB EQUIPMENT 
3aLs122 £031 4019 £0.19 2N3703 £0.10 BC251 £0.13 BF194 £0.19 LF351N £0.36 U 
atsiz cos doo goat anoe folo Score Ra SDi Ea Mre EOZ E ie 

5 ; . . . . PLASTIC DEVELOPING TRAY £1. 
74LS125 £0.21 4022 £0.32 -2N3706 £0.10 BC262B £024 BF257 £0.33 LM377 £2.67 Eres Ges AERD SO. SARAT iOi ee 

4023 £016 2N3771 £1.44 BC267B £0.30 BF259 £0.33 LM380N £1.12 FERRIC CHLORIDE CRYSTALS (0.5K £2.45 
74LS13_ £0.14 3024 fọ21 2N3772 £1.51 BC307 £010 BF337 £0.36 LM381 £2.70 -3 (0.5Kg) . 
74LS132 £0.21 ose fo15 2N3773 £1.79 BC308 £0.10 BF355 £0.38 LM386 £0.48 TIN PLATING POWDER (90g) £10.80 
74LS133 £0.18 4026  go59 2N3819 £0.40 BC327 £0.10 BF423 £0.13 LM387 £1.60 ETCH RESIST PEN £0.72 
74LS136 £0.16 4027  fo1g 2N3820 £0.58 BC328 £0.10 BF451 £0.19 LM392N £0.79 PCB POLISHING BLOCK £1.84 
MS ESSE “ieee Coa 2M mo DE BRR 2 IMON Ma STRIPBOARD 0-1 PITCH BREADBOARD 
X N 9 10 BC3. : BF469 à LM748CN £0.31 64mm x 25mm £0.27 1mm x 60mm £3. 
74L814 £0.18 ome eae 2N3906 £0.10 BC414C £0.13 BFX29 £0.29 LM1458 £0.26 64mm x 95mm £0.90 eae x 42mm EF 
74LS145 £0.56 4031 £0.70 2N4036 £0.31 BC441 £0.40 BFX84 £0.31 LM3900 £0.72 64mm x 431mm £3.22 175mm x 67mm £5.56 
74_S147 £1.26 2N5296 £0.57 BC461 £0.40 BFX85 £0.31 LM3914 £2.70 95mm x 127mm £1.50 203mm x 75mm includes 
4033 £0.56 

74LS148 £0.70 4o34  f124 2N5321 £0.57 BC463 £0.29 BFY50 £0.29 LM3915 £2.70 95mm x 95mm £1.10 mounting plate & posts £7.36 
vaisies foyo 2041 £031  AC128 oS Bew Gage Bog MA NERRGN D CLRI I CERE = TONNA TEO £1.29 
vateies £0.25 4042 £0.22 AC1i87 £045 BC517 £0.20 BSW66 £135 N ES67N £0.36 PHOTO RESIST BOARD PHOTO RESIST BOARD 
wateise foze ^043 £0.28 acigg £0.37 BC527 £0.20 BU126 £1.70 NE5532 £0.80 (G. Fibre) (Paper) 
bateis? fo25 1044 £935 AcYi7 £384 BC528 £0.20 BU205 £1.82. NES534 £0.66 Ixe £0.86 EA £0.67 
vases fo2zs 4046 £031 ADl49 £1.67 BC537 £0.20 BU208A £1.73 TBAI20S £0.77 ce. £1.62 ie £1.24 
l- s 5 . . 
74L5160 £0.32 4048 £031 4018! £0.92 BC546C £0.08 BU326A £1.80 TBA810S £0.68 re £2.41 Pacey Fe 4 63 


74L$161 £0.32 4049 £0.20 AD162 £0.92 BC547C £0.09 BU500 £2.32 TBA820M £0.39 


74LS162 £0.32 4050 £0.20 &g¢107B £015 BC549C £0.10 BU526  f2.24 TLOGI £0.35 CAPACITORS SWITCHES 








vais B4 r pr Sie BC108 £0.13 BC550C £0.08 B8U806 £1.36 TLO62 £0.42 Ceramic Mini Disc 100 & 63V 3amp 250v 6.4mm $ mounting 
SASIE | FO.AE 052 0.25 BC108A £0.14 BC556A £0.08 BUX84 £0.77 TLO64 £0.46 1.0pF to 100nF SPST Toggle £0.58 
Scien Snag 4053 £0.25 BC108C £0.14 BC557C £0.08 IRF540 £1.60 TLO7ZICP £0.32 1pF-1nF £0.06, 1n2-2n7 £0.07, SPDT Toggle £0.60 
; 4054 £0.56 BC109 £0.14 BC558C £0.08 IRF740 £1.63 TL0O72CP £0.34 3n3-4n7 £ 0.12, SPDT CO To £0.64 
74LS173 £0.24 4055 £0.34 g 
jaisa coza g da pese foar Bee So Mos fn Toin eas pylon iznenO7 oa = 
74\S175 £0.24 4063 £029 gci15 £0.41 8C637 £021 MJ2501 £160 TLOB2ce £0.34 Ostvions TA OS PPO OTET eee An 
74LS190 £0.25 4066 £0.18 BC116 £0.41 BC638 £0.21 MJ3001 £1.52 TLO84CN £0.46 p-2n2 £0.09, 2n7-10n £0.1 pad = Toggle pae 
74LS191 £0.24 4067 £1.91 BC118 £0.41 BC639 £0.21 MJE340 £0.40 UA733 £0.64 D CONNECTORS (biased) ' 
74LS192 £0.24 4068 £0.16 BC132 £0.36 BC640 £0.21 MJE350 £0.42 ULN2004 £0.48 DPDT CO Toggle 
Aa E £0.28 aoe £0.20 BC134 £0.36 BCY70  f£f0.21 MPSA13 £0.12 ZN4147 £1.04 AML pri pees Let 1 wey) eas 
BC135 £0.36 BCY71 £0.20 MPSA42 £0.17 ZN425E £4.68 i . . mini slide ; 
7418196 £0.24 4071 £020 BC140 £0.25 BCY72 £0.20 MRF475 £6.21 ZN426E £2.61 1350 £0.39 £0.39 Rotary Wafer 1P-12W, 2P-6W, 
74L$197 £0.24 4072 £0.17 BC141 £0.27 BD135 £0.20 TIP121 £0.35 ZN427E £8.82 15 PinH.D. £0.81 £0.90 3P-4W, 4P-3W £0.78 
74L520 £0.16 4073 £0.17 BC142 £031 BD136 £0.21 TIP122 £0.37 ZN428E £6.12 = a rie rae Key Switch SPST £2.70 
74L$21 £0.14 5 BC143 £0.34 BD137 £0.22 TIP125 £0.37 ZN435E £5.31 j - . Bictommnake 
“41822 £014 4076 £0.30 BC149 £0.12 BD138 £0.22 TIP127 £0.37 ZN448E £7.92 2 Way plastic cover O Een trek Eoi 
5418021 £036 4077 £017 BCI54 £0.36 8D139 £0.23 TIP132 £0.46 Uy Aedes aka Spas Latches Push Séi £0.63 
74LS240 £0.32 4081 £0.14 BC157 £0.12 BD140 £0.24 TIP137 £0.46 EPROM AAO GRNS : : 
7418241 £0.32 4082 £0.17 BCI59 £0.12 BDIS0C £0.82 TIPI42 £1.06 R S j 25 Way plastic cover G88 jase Tn eamh £0:26 
5415242 £032 4085 £0.28 BC160 28 BD165 £042 TIP147 £1.12 BRIDGE RESISTOR 
7418043 £032 4086 £0.26 BC170 £0.16 BD166 £0.35 TIP2955 £0.63 2716 £4.46 SSA 
RECTIFIERS 0.25W 5% CF E12 Series £0.60/100 
74LS244 £0.32 4089 £0.55 BC170B £0.16 BD187 £0.39 TIP29C £0.31 2732 £4.84 ie q Á 
aleo4s fo33 4093 £0.18 BC177 £0.11 BD201 £0.40 TIP3055 £0.63 - 0.5W 5% CF E12 Series £0.95/100 
LS245 ; 4094 £0.31 BCi7iB £016 BD202 £040 TIP30C £0.31 2764-25 £3.00 W005 1.54 50V £0.19 0.25W1% MF E24 Series £1.72/100 
Bhra gr 4095 £056 &C172 £0.13 BD203 £040 TIP31@ £032 27C64-25 £2.80 WO21.5A200V £0.20 POTS Log or Lin 470R - 1MO 25mm dia 0.25in 
freon? egaa 4097 £120. BC1726 €013 BD204 £0.40 TIPIZC- £092 21720-70. E367  BRIARATOON £0.36 shaft i £0.42 
aes pai A08 Oa BCIN £0.18 BD222 £0.40 TIP33C £0.72 27C128-20 £3.31 BR626A 200V £0.64 pis lg ere tee ie nat 
s4is06 ©6f014 4099 £0.38 BCI78 £0.18 BD225 £0.42 TIP4IA £0.36 27256-20 £3.15 — 1004. 10A 400V £1.39 PRESETS Skeleton H i 
74L5266 £0.14 4 56- . or Vert 100R- 1MO 0.1W £0.11 
s 4503 £031 BC182 £0.08 BD237 £0.32 TIP47 £0.48 
jasar, £0.14 4508 £090 BC182L £0.08 BD238 £0.32 TIP48 £0.62 cay ee * PLEASE STATE VALUE REQUIRED * 
25 4510 £026 Beigs £008 BD243B8 £050 VNIOKM £0.44 2760 E 
74LS279 £0.25 fe,  żo32 BC183 £0.08 BD243B £0.50 VNIOKM £0.44 27C010 £4.97 COMPUTER ACCESSORIES 
74LS30 £0.14 4512 t032 8C183L_ £0.08 BD244A £0.53 VN66AF £1.50 6116-10 £1.53 Parallel Pi Zener Diodes 2V7-33V 
74($32_ £0.14 42,4 £032 BCLS £0.08 BD246 £1.06 ZTX300 £0.16 664.19 43.06) naak Printer Lead 2m £6.90 8zy88400Mw £0.08 
74LS365 £0.21 , ' . RS232 Lead (all pins) Male — Male £3.60 : 
4515 £0.98 BC184 £0.08 BD441 £0.41 ZTX500 £0.16 6 4 BZX85 1.3W £0.14 
74LS367 £0.21 4516 £0.31 BC184L £0.08 BD442 £0.41 2256-10 £4.83 RS232 Lead (all pins) Female — Male £3.60 
74LS368 £0.21 Gere £0 27 TRIACS THYRISTORS 4164-15 £1.78 Centronics 36 Way Lead Male — Male £4.78 1N4001 £0.06 
74LS37 £0.14 2 Ee | THYRISTORS | 41256-10 €2.80 1N4002 £0.07 
4520 £0.26 Gender Changers 
74LS373 £0.32 4521 £062 ZO105DA £0.42 PO102AA £0.30 511000-8 £5.61 9 Way D Mini eH ia Feniule £1.81 1N4003 £0.07 
re er 4506. EOM .IGSDSD eee ice oD £0:40 514256-8 £5.61 9 Way D Mini Male to Male £1.98 1N4004 £0.07 
: . 4527 ; 72 5 i Fema smale : 1N40 i 
J4LS377 £032 4524 fogo BTAO8-600B £0.84 TIC126D0 £0.77 25 Way D Mini Male to Male £223 1Na00s £0.08 
74538 fota jess EOIS DIAC £0.20 HARDWARE EENIA 9 Way D Female to Female £2.33. 1N4007 £0.08 
- ; K : 9 Way D Male to Male £2.33 
Lip ete peer 4534 £2.24 VOLTAGE T2 Box 75 x 56 x 25mm £0.82 are Aer 25 Way D Female to Female £2.71 Degen pe 
7418395 £0.26 4536 £1.00 etae T3 Box 75x 51 x 25mm £0.82 16 Pin £0.15 25 Way D Male to Male £2.71 3 
7418399 £062 gear ey Theis 70.24 14 BOx111x57x22mm £0.98 18 Pin £0.15 Adaptors Nese Step 
74LS40 £0.14 4543 £0.46 78L12 £0.24 MES te 79x61:x40mm £1.44 20 Pin £0.16 9 Way Male to 25 Way Female £2.33 : 
> ox 100x76x4imm_ £1.56 24 Pin £0.19 1N5406 £0.11 
74LS42 £0.25 4555 £0.34 78L15 £0.24 25 Way Male to 9 Way Female £2.33 
74LS47 £0.42 4556 £0.34 79L05 pos M23 BarTISA aE mni, ETA 28 Pin £0.22 25 Way D Male to 36 Way Centronic ese. 1NOM7 £0.14 
74L851 £0.14 4560 £118 79112 £0.28 MBS Box 150x100x60mm £2.50 40 Pin £0.25 25 Way Null Modem Female — Female £3.02 1N5408 £0.15 
74LS670 £0.69 4566 £1.96 7915 £0.28 25 Way Null Modem Male to Female £3.02 1N914 £0.06 
74LS73 £0.17 4572 £0.25 7805 £0.28 ELECTROLYTIC RADIAL CAPACITORS 25 Way Null Modem Male to Male £3.02 1N916 £0.06 
74LS74 £0.19 4584 £0.24 7812 £0.28 3 RS232 Surge Protector Male - Female £6.12 1N4148 £0.05 
74LS75 £0.19 4585 £0.32 7815 £0.28 uF 16V 25V 63V 100V 450V RS232 Jumper Box Male to Female £3.02 pBy133 £0.13 
74LS76 £0.25 4724 £0.70 7905 £0.38 0.47 ~ £0.05 £0.07 = RS232 Tester (7 LEDs) Male - Female £6.59  0A47 £0.28 
74LS83 £0.31 40106 £0.31 7912 £0.38 10 - £0.05 £0.06 £0.15 ; ; 
74LS85 £0.35 40109 £050 7915 £0.38 22 z m £0.05 £0.06 £0.18 Qata Switch Boxes OA90 £0.07 
74LS86 £0.20 40163 £0.46 LM317T £0.44 47 Z $ £0.05 £0.08 £0.30 Serial Switch box — 2 Way A/B £9.20 OA91 £0.10 
74LS90 £0.23 40174 £034 M723 £0.29 10 £0.05 £0.05 £0.06 £0.08 £0.48 Serial Switch box - 3 Way A/B/C- £13.16 A202 £0.27 
74Ls92 £0.35 40175 . £0.36 LOOV,  E1IS 22 £0.05 £0.05 £0.09 - SAUR tat SE pax ass A/B/C/D floes BAIST £0.10 
74LS93 £0.25 . 47 £0.06 £0.06 £0.11 _ erial Switch box — Cross over 5 7 
40193 £060 | CM338K EBZ 100 £0.06 £0.09 £0.11 : a Parallel box 2 Way A/B cias SMSS ae 
ENAMELLED PTOA DECES 220 £0.09 £0.12 £0.31 = » Parallel box -3 Way A/B/C/ £17.11 mripbo® ie 
470 £0.15 £0.19 £0.57 - - Parallel box 4 Way A/B/C/D £18.43 5 
Senne 5mm Red LED £0.09 ds £0.22 £0.29 = : = Parallel box Cross over £20.42 OA200 £0.10 
ee ee oe foe en e | ote | 
oz heels mm Yelow è 
14SWG £0.63 5mm Orange LED £0.10 ELECTROLYTIC AXIAL CAPACITORS ORDERING INFORMATION 
16 SWG £0.67 3mm Red LED £0.08 . 
18SWG £0.67 3mm Green LED £012 uF 16V 25V 63V 100V 450V All prices exclude VAT. 
20SWG £0.72 3mm Yellow LED £0.13 0.47 à a = £0.15 x Please add £1.25 carriage to all orders and VAT (17.5%). 
1.0 as o 
22SWG £0.76 3mm Orange LED £0.13 1 £0.10 £0.10 £0.19 w 
24SWG £0.80 Smm Flashing Red coke 22 3 £0.10 £0.10 £0.22 No minimum order charge. 
aoe D : 47 > £0.09 £0.10 £0.10 £0.34 pe 
res 5mm Flashing Green £0.54 10 z £0.12 £012 £0.12 f048 Free Computer listing with all orders over £5.00. 
28 SWG 0.91 5mm Bi Colour £0.36 22 m £0.09 £013 £017 £1.06 PI d ith d 
30SWG £0.93 5mm Tri Colour £0.48 47 £0.10 £0.11 £0.16 £0.20 £1.33 ease send payment with your order. 
32SWG £0.93 5mm Plastic Bezel £0.04 100 £0.10 £0.13 £0.21 £2.46 gure PO/Cheques made payable to xy 
34SWG £0.99 3mm Plastic Bezel £0.05 220 £0.13 £0.18 £0.42 = 7 . 
Po : toa 470 £0.21 £024 £0.69 - E ESR Electronic Components _ VISA 
36 SWG 04 03” 7 Segment Display Red 
OAs aan MM D ey 2200 £0.52 £0.64 : n ‘ Access & Visa cards accepted 
: common cathode : 4700 £0.90 = " p ka 





Offical orders from schools & colleges welcome. 


CALLIN- OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 
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VIRTUAL GROUND 


ften only a single power supply is 

available for an opamp circuit. Since 
such circuits normally require a double 
supply, this means that in some way the 
available supply has to be converted. 
This is normally done by a potential di- 
vider and capacitor across the single 
supply, sometimes followed by an ancil- 
lary opamp. 

Nowadays, a more sophisticated way 
is the use of the TLE2426 from Texas 
Instruments. This IC is not only small and 
easy to use, but, owing to the built-in 
opamp, also gives a better performance. 
This is particularly noticeable at low fre- 
quencies, where the impedance of the 
usual electrolytic capacitor across the po- 
tential divider may cause problems. In the 
TLE2426, a voltage follower takes the place 
of the capacitor, so that the impedance, 
even at low frequencie, remains low—typ- 
ically 7.5 mQ. 

The quiescent current is only 170 uA, 
while the peak current that can be pro- 
vided is 20 mA. 

The device is available in two differ- 
ent enclosures: transistor-like, indicated 
by the suffix ‘LP’ in the type number, 
and 8-pin DIL, suffixed D, P or JG. The 


TLE2426 





LP model is eminently suitable as a re- 
placement of a conventional potential 
divider and capacitor (and possibly, 
opamp). The DIL model has the advan- 
tage that a capacitor may be connected 
to its pin 8, which in some cases is de- 
sirable since each of the two output volt- 
ages is half the supply voltage, which may 


TLE2425 


934005-11 


contain much noise. 

There is alo the Type TLE2425, which 
provides a fixed voltage of 2.5 V at a peak 
current of 20 mA. Pin 8 of this model is 
not connected. 

(K. Walraven — 934005) 


STATE OF BATTERY INDICATOR 


any battery-operated appliances 

have an LED indicator that shows 
the state of the battery. If the battery is 
almost flat, the LED flickers. The circuit 
described enables this facility to be built 
into apparatus that has no indicator. 

The drop across D, (Ujgp) depends on 
the type of LED and is normally around 
2 V. This voltage is applied to the input 
of a discrete differential amplifier, T|-T». 
When the base voltage of T, is smaller than 
Upp. the transistor switches on, where- 
upon Ç gets charged via R,. The rising 
potential on C, will cause T, to switch 
off, whereupon T, begins to conduct. 
Because of that, D, goes out and re- 
mains so until Ç is discharged. Assuming 
that the base voltage of T, is still smaller 
than Ujpp, the cycle starts afresh. In this 
way, the LED continues to flicker until 
the base voltage of T) becomes larger 
than Up Only T, and T; are then on 
and T, is off, so that the LED lights con- 
tinuously. 

The setting of preset P, determines 
the point at which the LED begins to 
flicker. The frequency at which it flick- 
ers depends on the supply voltage and 
the value of C}. The frequency may there- 


fore be changed by altering the value of 


this capacitor. 
The value of Ry determines the cur- 
rent through D, and thus the brightness 


at which this LED lights. In practice, the 
LED and R, are often already present in 
the appliance. 

[F. Rimatzki - 934008] 
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Quickroute for Windows 3/3.1 and DOS 


A New Generation of PCB and Schematic Design Software 

























Quickroute 2.0 for Windows 3/3.1 Easy to use and fast to learn ! 


supports Over 199 printers/pioners Our first product - Quickroute 1.2 for DOS - was called ‘exceptional value for money' 


by Everyday Electronics (Sep92) and EW&WW (May92) said 'Cheap .. it may be. 
But .. Quickroutes performance puts it in an altogether much bigger league’. Now 
there are two new versions: Quickroute 2.0 for Windows, and Quickroute 1.5 for 

DOS, and they are even better! 








oe 000009000 6 





With the new ‘button bar' you get instant access to all the powerful object selection 
i ‘ and improved editing features with a single mouse click. There's built in help, faster 
ia Ceo oe | turbo draw for rapid zoom & pan, a new filled polygon object type for earth planes, 
TE ei and with the Windows version - support for over 150 printers and plotters and a new 
6 7 $ simple schematic capture tool. Quickroute also comes with a simple auto-router tool, 
curved track capability, and schematic/PCB symbol libraries. Just fill in the coupon 
below, or phone, for more details on the new generation of Quickroute products. 
Quickroute 1.5 for DOS 
Supports dot-matrix, LaserJet and HPGL 


Files View Tools Options Library (OR 
+ |=|] ? fool 0] & | 
Ij phoee 





Please send cheques payable to POWERware to: POWERware, 14 Ley Lane, 
Marple Bridge, Stockport, SK6 5DD, UK. Telephone 061-449 7101 


Send me Quickroute 2.0 for Windows 3/3.1 at£59 L] More Information [] 
4 S) Quickroute 1.5 for DOS at £39 [|] Both versions for just £79 C] 

pa aerea ores attal || All prices inclusive. Add £4 for P+P outside the UK 

Ura = a Tae eas tet Disk Size 

Address 
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TWO-WAY AUDIO LEVEL INDICATOR 


ii p audio signal is applied to the in- must be a type whose insulation is ap- Resistor R, must be high-power type, 
dicator circuit via a 1:1-1:4 micro- proved for operation in mains-carrying and C, a 400-V type. 
phone transformer. Its level determines circuits. [Dr U. Kunz - 934009] 


which of the two lamps, L; and L,, con- 
nected to K; and K, respectively, is switched 
on by the relevant silicon-controlled rec- 
tifier (SCR). 

In the absence of an input signal, both 
SCRs are switched off. During the posi- 
tive half period of the mains voltage, 
drive voltage is applied to the gate of Th, 
via R, and diac Di,;. The SCR is then on 
and switches on L,. When the audio input 
reaches a certain level, Th, and Th, also 
conduct and switch on L. At the same 
time, Th, removes the drive to Th, so 
that this SCR switches off at the next 
zero crossing of the mains and lamp L, 
goes out. 

Great care must be taken in the con- 
struction of the indicator, because po- 
tentially fatal mains voltages are pre- 
sent in it during operation. It must, there- TT 
fore, be built into a well-insulated (main- 
made fibre) enclosure. The transformer 





ELEKTOR ELECTRONICS JULY/AUGUST 1993 


COPYING IN MS-DOS WITH ONE DRIVE 


S-DOS is a program developed for 

controlling a computer system, which 
it can do witha variety of procedures. One 
of these is the making of baten files in 
which a number of commands can be com- 
bined to form a new instruction. Batch 
file acopy copies files from drive A to 
drive A. A small alteration makes it pos- 
sible for the instruction to to be used 
with other drives as well. The batch file 
contains several infrequently used pro- 
cedures and is intended for systems that 
have only one diskette drive or have two 
incompatible drives. 

The nature of the alteration can be seen 
in the listing. It has been assumed that 
the computer has a hard disk or a RAM 
disk with sufficient free space. This is 
because the batch file stores all files to 
be copied temporarily on the hard disk 
or RAM disk, 

The file starts as usual with echo off., 
and then checks whether the temporary 
directory already exists and whether it 
contains any files. Ifso, the user is warned 
and asked for a decision. This is effected 
by the first section of the batch file from 
if to the lable :endif. The if command 
checks whether the directory is empty 
with not and exist. If that is the case, 
the commands up to :endif are ignored. 
If the directory is not empty, its content 
is shown on the monitor with dir, followed 
by a message directed to the screen by 
echo. The pause command gives ample 
time for a decision to be taken. 

After the decision to continue, the 
content of directory c:\copy.tmp is erased 
automatically. The question ‘are you 
sure?’ is diverted to the zero-device (and 
is, therefore, not displayed) and replied 
to automatically by ‘y{es)’. The zero de- 
vice is a fictitious peripheral, which, as 
far as the computer is concerned, acts 
in the Same way as a monitor or printer. 
It does nothing else and is eminently 
suitable for use as a waste basket. The 
automatic reply ‘y(es)’ is effected by the 
echo instruction, whose output (y) with 
the ‘pipe’ symbol as input is passed on 
to the delete instruction. 

The next step is the creation of sub- 
directory c:\copy.tmp, which, if all is in 
order, is not present. Should this direc- 
tory exist after all, it will be empty and 
be therefore usable. 

Next, the diskette with the files to be 
copied is put into drive A. The files that 
must be copied are identified in the same 
way as with the MS-DOS copy instruc- 
tion. No drive letter should be input, be- 
cause that is already in the file. 

The batch file cannot be used for 3!/,in 
and 5'/, in drives: each of these needs 
its own batch file. The only difference 
between these two files will be the drive 
letter in the copy instructions. 


Once the files to be copied are stored 
in the temporary directory, the disks 
can be exchanged after which the copy- 
ing can be completed. 

Finally, the folders in c:\copy.tmp 
must be earased and the directory re- 
moved 

The second copy instruction contains 
a full stop where a *.* might be expected. 
This full stop, in MS-DOS, means ‘the pre- 
sent directory’ and may be used in many 
cases instead of *.*. For instance, del a:. 
is the same as del a:*.*. 

Echo instructions followed by a full 
stop provide an blank line on the screen. 
This is so even with some other versions 
of MS-DOS, although the manual does 


@echo off 


not state this. 
The syntax of the acopy command is 


ACOPY pathname [pathname]. 


Bear in mind that with this method sub- 
directories must not be copied together 
with the files. 
A last remark: the pathname must 
be given from the root directory. 
[A.N. Other - 880191] 


if not exist c:\copy.tmp\*.* goto 


endif 
dir c:\copy.tmp /w 
echo. 


echo directory C:\COPY.TMP al- 


ready exist 


echo press ctrl-C to abort ACOPY 


echo press any key to delete 
C:\COPY.TMP\*.* 

echo and continue ACOPY 
pause > nul: 


echo y | del c:\copy.tmp > nul: 


sendif 


ctty nul: 
mkdir c:\copy.tmp 


ctty con: 

echo. echo Insert SOURCE 
diskette in drive a: 

pause 

copy a:%1 c:\copy.tmp 


echo. 

echo Insert TARGET 
diskette in drive a: 

pause 

copy c:\copy.tmp\. a:%2 > 
nul: 

echo y | del c:\copy.tmp > 
nul: 

rmdir c:\copy.tmp 
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Real Time Mono Frame Grabber. Captures 
16 grey level images at 521x256 resolution 
in 1/50th of a second. (1024x256 Upgrade 
Applications Inc: 


£15.00 Extra) 


DTP - IMAGE DATABASE - SCREEN 
PRESENTATION - ART & DESIGN Etc. 
integrated software aliows CAPTURE, 


DISPLAY, PRINTING & FILE SAVING. 
VGA, EGA, and CGA display supported. 
XT Bus half card with 1 volt composite input. 


Special offer pack includes FREE Utility disk 
and documented Programmers "C" Toolkit. 


£49.95 includes UK VAT & Postage, Overseas 
e & packing 
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MICRO-CONTROLLER DEVELOPMENT SYSTEMS 


8748/9 Series and 8751 Series 
NO EMULATOR OR PROGRAMMER REQUIRED 


A customer recently said " Your system has proved an excellent and very economic 
way for a hobbyist to get into Embedded Microprocessors" 
D.S. (CEng M.1.E.E) Southend-on-Sea 


KARE 48 8748/9 System. Recommended for beginners. 

Includes Single Board Computer. Using 8749 OTP Micro with built-in Monitor/Downloader 
prog .Allows downloading of assembled progs to non-volatile 2M memory. Edit individual 
bytes and examine memory. Switch to external memory to run loaded program. Comes 
complete with Shareware Editor, Assembler and Comms package, RS232 inter-connect lead. 
All IC’S socketed. In fact all you need, is an IBM compatible PC and a 5v power supply. Soft- 
ware available on 3.5 or 5.25. Please note no charge is made for software, and will require 
registration for continued use Built £64.88 +VAT Kit £49.00 + VAT 


KARE 51 8751 System 
As above but using 8751 OTP Micro with Monitor/Downloader program 


Built £75.74 + VAT Kit £59.00 + VAT 


68MC || Dev Kit available soon. 
Replacement OTP Micros with Downloader/Monitor available, should you have an accident. 


(Strictly replacement only). Programming service available for 8748/9 and 8751 ring for details. 


Single Board Micro's 

SBM 40 3.5" x 3" PCB with 80C40 micro, latch and 2k memory 
Built & Tested £29.00 +VAT 

SBM 30 3.5" x 3" PCB with 80C32 micro, latch and 2k memory 
Built & Tested £29.00 +VAT Kit £19.95 + VAT 


PC EPROM PROGRAMMER 
Internal Card for PC, XT, AT, 386, 486 or Compatible - £128 +var 


Affordable 

Easy to instal, just plug in. 

Programs E(E)proms and flash memory 

Supports 2716 through 27C2001 EPROMS. 

Reads, programs, verifies and saves to disk. 

Accepts Intel hex, Motorola S, and binary format. 

Requires 8-bit bus slot of MS-DOS PC with 512K ram. 

Supplied with software and 60 page handbook 

| year warranty 

MICRO ADAPTORS AVAILABLE £35.0 
STAND-ALONE PROGRAMMERS also available. 


Call us today for further information and DEMO DISK 


KORE. ELEGIRONIGS 


32 Pear Tree Avenue, Ditton, Aylesford, 
Kent. ME20 6EB. Tel: 0732 844633 


Kit £19.95 + YAT 
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LIGHT SWITCH FOR MOTORCYCLES 





any motorcycles have the facility that 

as soon as the ignition is switched 
on, their dipped headlights (or day run- 
ning lights) come on. Although on most 
modern machines these lights go off 
briefly while the engine is started (so as 
to prevent a heavy load on the battery), 
there are some on which this is not so. 
This shortcoming may be remedied by the 
circuit described here. 

The circuit is based on optoisolator IC), 
which detects whether the ‘N(eutral)’ 
light, La,, on the dashboard is on. As 
long as this light is on, the machine is 
not in gear. When the engine is started 
(with the gear box still in ‘N’), La, re- 
mains on, so that the LED in the op- 
toisolator lights. This switches on the 
transistor in IC,. The gate of the thyris- 
tor is then at earth potential and the 
relay remains deenergized. Headlights LA, 
and La, are off and the engine can be 
started without these lights coming on. 
When a gear is selected, La, goes out 
and the transistor in IC, switches off. 
The thyristor then gets a gate current 
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via R and R}, whereupon Re, is energized. 
The headlights then come on and the 
machine can be ridden away safely. The 
thyristor remains on as long as the bat- 
tery is being charged, so that when ‘N’ is 


* see text 


selected, for instance, at traffic lights, the 
lights remain on. 
[M. Weber - 934010] 
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VOICE OPERATED RECORDING 


OICE operated recording (VOR) is a 

feature found on most handheld 
memo-recorders. The function of the 
VOR control is to start the recorder’s 
tape on detection of a speech signal. 
This relieves the user from pressing a 
‘record’ button. Typical memo-recorder 
users include the too energetic manager 
and the detective on TV, unravelling a 
murder plot by talking to himself be- 
hind the wheel of his fast sportscar. The 
circuit shown here adds a VOR function 
to any standard cassette recorder, pro- 
vided this has a ‘remote’ control input. 
Alternatively, it could be used as a VOX 
(voice operated switch) to control a 
transmitter, or a sensitive sound detec- 
tor in an alarm system. 

Depending on the position of switch 
S,, the output signal from the electret 
microphone (approx. 5 mV) is amplified 
x520 or x2,200 by opamp IC}, which 
also functions as an active filter with a 
(speech) bandwidth from 160 Hz to 
about 9 kHz. Components D}, Cs and 
Rg turn the amplified audio signal into 
a direct voltage, which is applied to the 


inverting input of comparator IC3,. If 


the sound picked up by the microphone 
is sufficiently loud, the voltage at the 
inverting input falls below that at the 
non-inverting input, and the compara- 
tor output changes state. The resulting 


c8 E 


10u 
16V 












mo 


a. 


logic high at pin 7 of ICy, causes relay 
Re, to be energized, so that its contact 
closes. If the contact is connected to the 
remote control input on the recorder, 
the tape will be started, and recording 
begins. This condition is indicated by 
the lighting of Do. 

The supply voltage to the circuit and 
the microphone is switched on and off 
with Sa. Switch Sa allows the VOR func- 
tion only to be switched off, while S, 
serves to select between ‘low’ and ‘very 
high’ sensitivity. 


Since the gain-bandwidth product of 


the LF357 is about 20 MHz, the opamp 
will have a bandwidth of about 9 kHz if 
its amplification is x2,200. With S closed, 
the gain is reduced to x520 times, which 
results in an effective bandwidth of 
38.5 kHz. Since this is not practical or 
desirable for speech signals, capacitor 
C, is included in the feedback loop to 
give a bandwidth of 9 kHz at the lower 
gain also. Resistor Rj,» prevents the 
opamp oscillating by maintaining a 
minimum amplification of of x5. 

When the relay is energized, the cir- 
cuit draws about 18 mA from the 9 V 
battery: if not, the current is roughly 
halved. The minimum battery voltage 
for reliable operation is about 6.8 V. 

The VOR is an extremely sensitive 
circuit, and to ensure that it can not be 


Ret = 5V/38022 


IC2 = TLO72 
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upset by strong RF signals, it is best 
built on the printed circuit board shown 
here. The dimensions of the board allow 
it to be fitted into a ready-made plastic 
enclosure with an integral battery com- 
partment. A suggestion for a nice look- 
ing front panel is also given. Notice that 
all inputs and outputs of the circuit are 
located at one side of the PCB — this is 





























PARTS LIST 
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SPECIAL OFFER 


SpiceAge for Windows for £95 incl VAT 


We are offering a special version of == 








SpiceAge for Windows to students and FS SSSNORORCS Fourier 
serious hobbyists. The version will j=% } othe NZ RT Te T 

` i F ma Re aoa ceases War ce ee ourier ahalysis shows the: == et 
analyse medium sizes of circuits and | Speta ON artes pedata Iy iF 


may be upgraded to the professional 
version for the price difference. APE a 

IEN R A RE E E E e 
SpiceAge is the program used by i sat | 

professional circuit designers that lets img, spc EEE oe Ges Ts e ee 7 
you "breadboard" even before you plug | 7 l =i E We ae amen as 
in your soldering iron. It gives you A% i? A F 
quiescent DC voltages, frequency Jineay SSA N, 
response curves and ‘scope-like traces of 2 pesen? P maii NN 

your circuit ideas. Imagine how easy it is 

to test new components and values without the risk of smoke! SpiceAge has a friendly editor 
that lets you tell it what components to put in your circuit and how to connect them. SpiceAge 
has a "lab" full of "test equipment" to let you inject signals and "probe" for voltages, currents, 
dissipations, dB gains, phase angie, group delay and power consumption. 


- PEO 
Oneto oto 


Requires Windows 3.0 or higher. S.A.E. please for information pack or £5 for demonstration kit. 
ACCESS/VISA or cheque with order. Please state disk size. Those Engineers Ltd, Dept Ek03, 
31 Birkbeck Road, London NW7 4BP. Tel 081-906 0155, Fax 081-906 0969. 





done to ensure that common-mode sig- 
nals induced in the cables are not 
‘forced’ to cross the PCB, where they 
could affect the operation of the elec- 
tronics. All connections to ground are 


/° 


OPERATED 
SWITCH 


934039-F 


soldered to a wide copper pad that 
forms a low impedance. An exception 
has been made in the case of capacitor 
Cs: to prevent the discharge currents 
interfering with the microphone signal, 
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they should not be allowed to travel 
through the ground pad. 
[J. Ruiters - 934039] 





TELEPHONE-OPERATED NIGHT LIGHT 


jbs most telephone networks, a direct volt- 
age of 48-60 V exists at terminals a 
and b. When the call signal comes in, a 
50-60 V alternating current at a fre- 
quency of 25-27 Hz is superimposed on 
the direct voltage. This open-circuit volt- 
age is more than halved when the receiver 
is taken from the hook (which closes the 
current loop). The current in the loop is 
20-100 mA. 

The present circuit starts a timer when 
it detects the call signal.The timer ener- 
gizes relay Re, and this switches on lamp 
La,. After the last ring, the timer remains 
on for a short time, but then returns to 
its quiescent state, whereupon the lamp 
goes out. When, however, the receiver is 
taken from the hook, the timer is triggered 
permanently, so that the lamp remains 
on during the telephone conversation and 
for some time afterwards. Furthermore, 
the lamp may be switched on and off 
manually by S, being pressed. 

One part of the circuit is connected 
in parallel, and the other in series, with 
telephone terminals a and b. The paral- 
lel-connected part, which detects the 
call signal, is isolated from the direct volt- 
age by C;. Because of this, no current flows 
through the LED of optoisolator IC), so 
that the phototransistor is off. The sec- 


Monacor VTR1112 


IC3 
CNY65 


1N4148 


ond optoisolator, which is in series with 
the a and b lines, also carries no cur- 
rent since the circuit is broken by the cra- 
dle switch. 

The call signal, however, is applied to 
IC, via C. Consequently, a current flows 
through the LED and the transistor is 
on. The current is limited by R), while 
diodes D, and D; chop the peaks off both 
the half waves to prevent any damage to 
the optoisolator. 

The phototransistor provides sufficient 
base voltage to T, to switch on this tran- 
sistor. Capacitor C, discharges, where- 
upon the potential at pins 2 and 6 of 
timer IC,, drops to earth, which triggers 
the timer. Its output changes state (goes 
high), whereupon 7, is switched on so that 
the relay is energized. The relay contact 
connects one of the mains lines (in the 
UK, the live) to lamp La,. The time con- 
stant of the timer has been arranged so 
that even the longest intervals in the call 
signal can be bridged. Ifthe receiver is not 
lifted, and the last call signal has passed, 
the lamp remains on for the duration of 
the time constant, and then the circuit 
returns to the quiescent state. 

When the receiver is lifted offthe hook, 
a current flows through the LED in IC}, 
whereupon the phototransistor in the op- 


IC4 = NE556 


toisolator, and consequently T}, is switched 
on. The timer is triggered as long as the 
telephone conversation lasts. When the 
receiver is replaced into the cradle, the 
lamp stays on fora short while determined 
by the setting of P}. 

The second timer in the NE556, ICi 
is used for manual operation of the lamp. 
Until this timer is triggered, half the 
supply voltage exists at pins 8 and 12. 
The output (pin 9) is low, so that C; can- 
not be charged. When 5, is pressed, the 
trigger voltage briefly drops below the 
threshold, whereupon the output goes 
high. Since, owing to the time constant 
RC}, the potential across C; rises only 
gradually, the level at the trigger input 
{pin 8) remains below the upper threshold. 
When the switch is operated again, the 
full supply voltage is across C,, so that 
the level at the trigger input exceeds the 
upper threshold. The timer output then 
goes low again and the lamp goes out. 

The power supply is a standard design, 
but could be replaced by a suitable 12 V 
mains adaptor. The lamp could then be 
a 12 V car type. From a safety point of 
view, that is not a bad alternative. 

[F. Hueber - 934013] 
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BUILD THE Elektor Electronics VHF/UHF AM/FM RECEIVER 


We supply a complete kit of parts, including the case, printed 
circuit board, tuner module, knobs, switches and S-meter. 
Mains transformer not included. Individual parts for this 
project can also be supplied. Prices below are ex BTW. 


Pilona amano NLG 345.00 
PRP (airman NLG 25.00 (Europe) 

NLG 35.00 {outside Europe) 
UV616S/6456 tuner MOQUE. esrsrsrerrrarinreeneern ARRE Naa NLG 99.00 
61968 SAW THES imanuna enar wwe NLG 9.85 
TAAS eb hEn ME annaa aa NLG 3.75 
cc A S AEE ten E A A DNO NLG 17.50 
SFE FEO TE anoa a a NLG 4.25 


SPECIAL COMPONENTS SERVICE 

Also available from us is a wide range of special parts used in 
recently published projects in Elektor Electronics. Ask for our 
comprehensive price list with hundreds of items, competi- 
tively priced, and often very difficult to obtain from other 
sources. Some examples: 

1.2 GHz Multifunction frequency meter kit and 
components, 4MB Printer buffer kit; NICAM decoder ICs, 
filters and XTALs; LFA150-A semiconductors, Video 
digitizer kit, 830C32 SBC and extension board; RC-5 
receiver; I7C ICs; LCD LM16A; Audio DAC ICs YM3623B, 
DF1700P, PCM63P, AD844, G2.3-FT16, TORX173, TOTX173; 
U2400B; U664B; RDS decoder; Neosid inductors; Toko 
inductors; Retex cases; Bopla cases; Siemens relays and 
optocomponents, 1% and 0.1% E96 range resistors; MKT 
and MKP capacitors; quartz crystals; HC/HCT ICs; SMDs and 
much more to build just about every project published 
in Elektor Electronics. 


) pays from z o0- 28 onc cer for latest EOMP SAR kitsi in 


(Elektor Electronics May 1993) 
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DIGITAL FREQUENCY READOUT AND VHF-LOW 
CONVERTER KITS ALSO AVAILABLE. 


SEND FOR DETAILS 


ASK FOR OUR PRICE LIST — DO JT NOW 










c- 1 Electronics - P o. Box 22089 . 6360 AB Nuth : Holland 





e. guilders (NLG), 
subject to change without prior notice, and exclusive of Postage: and a pang: : 
No currencies ather men NLG 4 Netherlands Guilders) accapa: ee - 


Enclose one IRC with all correspondence. Pos are in ‘Dutch 


‘Companies and institutions: pikas state your VAT number. 


Goods sent by airmail, recorded delivery. No C. O.D. orders. 


P&P components: NLG 12.50 (outside Europe); NLG 8.50 (Europe). 


VISA - MASTER - ACCESS - -EUROCARD orders welcome. 


SEQUENTIAL TOUCH SWITCH 


he touch switch is based on a Schmitt 

trigger with hold contact, which is 
built from IC,,, IC), and R,. The output 
of IC), is fed back to IC via Rs, resulting 
in both gates maintaining their stable sta- 
tus. As long as the circuit is quiescent, 
thatis, the anode of D, is lowand the cath- 
ode of Dy is high, this situation contin- 
ues, 

Consider that output A is low. When 
the touch contact is shorted with a fin- 
ger, the potential acorss R, rises. This rise 
is translated into a short pulse by R,-C). 
This pulse renders the input of IC,, high 
via D,. The output of IC, and output A, 
will then also go high and, as explained 
before, this status is maintained. 

At the same time, the potential across 
C, will rise gradually. When this capac- 
itor is fully (or nearly so) charged, the 
circuit is ready to change state at the next 
pulse across R}. This pulse will make 
the output of IC,, low, whereupon the out- 
put of IC becomes low and the poten- 
tial across C, drops. Output A is then 
low again and the circuit is back to where 
it started, 

[P. Sicherman - 934011] 
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AUTOMATIC POWER OFF 


gis power off circuit ensures that the 
load is automatically removed from 
a battery. It is particularly useful in cars, 
so that if the driver forgets to switch off 
the headlights, he does not return toa 
car with a flat battery a couple of hours 
later*. 

The only operating control is a spring- 
loaded change-over switch with a test 
position. When the switch is pressed, 
the +ve supply line is connected to the 
base of T) via R| and R, so that the tran- 
sistor Switches on. The relay is then en- 
ergized and its contact links the -ve ter- 
minal of the load to ground, so that the 
load is powered. 

At the same time, C, is charged via 
R,. This capacitor and R, determine the 
time constant of the circuit. When §, is 
set to its centre position, C, discharges 
slowly via R}. When the base potential of 
T; drops below 1.2 V, the transistor switches 
off, whereupon the relay contact connects 
C, to ground via Rk). The capacitor then 
rapidly discharges completely. The cur- 
rent drawn by the circuit in this situa- 
tion is nil. 

When §, is in its lowest position, that 
is, connected to ground, the discharging 
process is halted immediately. 





N simple unit for testing an audio, TTL 
r CMOS circuit is always useful. 
Here, an oscillator, based on IC,,, gener- 
ates a frequency that can be preset be- 
tween about 500 Hz and 1.5 kHz with 
P,. Before the signal is ready for use, it 

is buffered by IC). 

Switch S, serves to match the signal 
to the equipment on test. With the switch 
in the upper position, the tester can be 
used with audio circuits; in the centre po- 
sition, with CMOS circuits, and in the 
lowest position, with TTL circuits (only 
HC or HCT types, not standard TTL logic 
or LS2 types). If testing of LS2 type cir- 
cuits is required, the value of R, must 
be reduced to 1 kQ. The 4093 cannot 
provide sufficient current for testing 
standard TTL logic circuits. 

The output of the probe that is used 
to check various points in the equip- 
ment on test is applied to the input of 
IC If there is a signal present, the LED 
lights and the buzzer sounds. 

The tester may be powered by a 9-V 
battery or a 9-V mains adaptor. It may 
also be possible to obtain the power from 
the equipment on test. The tester draws 


* see text 





Diode D, shows the status of the cir- 
cuit. Resistor R, should not have too low 
a value, otherwise the LED may not show 
up properly. 

The value of C, may be increased to 
4700 uF: the power-off time is then in- 
creased from 10 min to about 30 min. This 
capacitor should be a type with very low 
leakage current. 

The relay may be 6 V or 9 V type to 
prevent it clattering when the car en- 


a current of about 11 mA. 
[Amrit Bir Tiwana - 934003] 
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gine is started or a large load is switched 
on. Do not omit protection diode D}. 
Since the circuit has no polarity pro- 
tection, take great care that correct po- 
larity is observed. 
[W. Zeiller - 934012] 


* In many modern cars, this switch off 
facility is not needed since the ignition 
switch removes all loads from the battery. 

[Editor] 


AUDIBLE TESTER 


IC1 = 4093 
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Advanced netlist based PCB 
layout software newly updated 
to version 2.5. Major new 
features include SMT library, 
real time snap (for those tricky 
SMT spacings), thermal relief 
power planes and enhanced 
autorouting. 








Schematic capture for MS 
Windows 3,1 - produces high 
quality schematics like you see 
in the magazines with your 
choice of line thicknesses, fill 
styles, fants, colours etc. Once 
entered, drawings can be 
copied to most Windows 
software through the clipboard. 
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powerful schematic entry system 
with all the features you need to 
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CAD software. Now available in a 
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of handling huge designs even on 
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= Output to printers, plotters, 
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Graphics export for DTP etc. 














Two programs - {SIS 
SUPERSKETCH and PCB Il- 
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rule checks 

a Autorouter handles single, double or 
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need to produce circuit 
diagrams and PCBs on your 
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he 8-bit I/O chip Type PCF8574 is 
very popular: itis used, among others, 
on the AD-DAI/O module, the opto relay 
card and the LC display - all published 
in this magazine within the past 12 months. 
Since it is often desirable to connect a 
number of 8574 modules to the I?C bus, 
it is possible to give each IC a different 
address via inputs AO-A2. As therefore 
only eight addresses can be set, it might 
be expected that this is also the maximum 
number of ICs that can be connected to 
the bus. It is, however, possible to con- 
nect 16 PCF8574s, because there are 
two variants of the IC, each with a dif- 
ferent address. The standard PCF8574 
has, as is well known, the basic address 
40px. The variant, the PCF8574A, has the 
basic address 70;;,. Otherwise the two 
types are identical and, therefore, com- 
pletely interchangeable. Thus, eight stan- 
dard and eight variant types of the IC 
can be connected to one bus. 
[J. Ruiters — 934019] 
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SINGLE-CHIP TEMPERATURE CONTROL 


ai p UAA2016 from Motorola lends it- 

self admirably to making a propor- 
tional mains-operated temperature con- 
trol. A resistor with negative tempera- 
ture coefficient (NTC), R,, which must 
have a value of about 100 KQ at 25 °C, 
serves as sensor. In the diagram, the 
heating element is a 100 W light bulb, 
which generates enough heat for a green- 
house or an environmental chamber (for 
testing electronic equipment). 

The triac can switch up to 3 A if it is 
fitted on a heat sink. 

The properties of the regulator are 
determined by a the resistors at pins 
l-4. Resistors R,; and R, establish over 
which range the temperature may be set 
with P}. With values shown, the range is 
0-70 °C. Closing S, causes the tempera- 
ture to drop by about 2 °C. The degree 
to which the temperature drops is de- 
termined by R: a value of 100 KQ causes 
a drop of about 1.5 °C, while 10 KQ re- 
sults in a reduction of about 5 °C. 

Resistor R; determines the hysteresis 
of the regulator: here, it is about 150 mV. 
How much that is in °C depends on the 
type of NTC and the temperature: an 


NTC has a non-linear temperature char- 
acteristic. 

Do bear in mind that the entire cir- 
cuit is connected to the mains and that, 
therefore, the regulator must be con- 
structed with due care to safety regula- 


sampling 
full wave 


tions. It should be installed in a well-in- 
sulated, earthed (if metal) case. 
[A. Rietjens - 934020] 
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ASK FOR FREE INFORMATION PACK 


MQP ELECTRONICS Ltd. GERMANY a89 | 4602071 
Unit 2, Park Road Centre 1-17890 
Malmesbury, Wiltshire. SN16 OBX. UK ITALY. 0232 10 95 S4 


FRANCE (1)69.41.28.01 
VEL “el es TEL. 0666 825146 FAX. 061 825146 FAX. 0666 825141 Em 825141 Also from VEROSPEED UK 











EXTENDED PC DRIVE LED 


hen the disk drive indicator ofa 

computer cannot be read (since 
the computer is under or beside the 
table) it may be useful, if difficulties 
arise, to have an extended indicator 
alongside the monitor. 

The circuit described here is just that. 
It consists of a p-n-p transistor, an LED, 
and two resistors, or an n-p-n transis- 
tor, an LED, and two resistors, Which is 
to be used depends on the LED drive of 
the floppy disk or hard disk. 

The LED in the computer must be 
branched off to a D connector to be fit- 
ted at the rear of the computer. 

The small circuit is easily constructed 
on a small piece of prototyping board 
and built into a small case. The whole is 
then connected via a cable terminated 
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into a D connector to the computer. The 
small case can be located wherever de- 
sired. 

[L. Lemmens - 934002] 
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FERGUSON BSB RECEIVER AS 
D2MAC DECODER 


A fter the demise of BSB (British 

atellite Broadcasting) in early 
1991, the electronics surplus market 
was flooded with tens of thousands of 
brand new, but otherwise unusable, 
satellite TV indoor units plus 55-cm 
dish antennas or squarials. Initially, 
unmodified ex-BSB sets went at give- 
away prices of £20 and less, which is a 
fraction of the original price. Unfortu- 
nately, these receivers are designed to 
handle DMAC only, a TV transmission 
standard used by BSB and a couple of 
Scandinavian broadcasters only. Not 
surprisingly, the ‘scrapped’ BSB sets 
were soon modified to handle the more 
widely used D2MAC format, and then 
sold as ‘upgraded’ receivers. One of the 
companies that has been actively in- 
volved in this is Trac Satellite Systems 
(address below). The modification from 
DMAC to D2MAC essentially consists 
of fitting a new EPROM, reprogram- 
ming the receiver's built-in EEPROM, 
and disabling the access control mod- 
ule (ACM). The result is a complete 
D2MAC satellite receiving system that 
costs less than a D2MAC decoder 
alone. The pictures and sound pro- 
duced by the modified sets are, in a 
word, superb. 

In addition to complete, modified 
BSB receiver sets, there are also many 
‘scrapped’ receiver boards around. 
This article shows you how to use such 
a board, in this case from a Ferguson 
SRB1 receiver, as a D2MAC decoder 
for use with an Amstrad SRX200 Astra 
receiver. The conditions for being able 
to do so are: (1) your Ferguson board is 
in working order, and (2) it has been 


AMSTRAD SRX200 


MAC-BASEBAND È 


modified for D2MAC. 

One transistor does the job! The in- 
terface shown here consists of an in- 
verter, which is required to ensure the 
correct polarity of the baseband signal 
fed into the D2MAC decoder. The base- 
band signal is taken from pin 4 on the 
15-way sub-D socket on the rear panel 
of the SRX200, and fed to a simple 
transistor inverter. Switch S is added 
to enable the tuner inside the Fergu- 
son receiver to be used as a second 
input to the D2MAC decoder. This al- 
lows you to keep using the Ferguson 
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set for reception of the D2MAC chan- 
nels on the German and French high- 
power DBS channels at 19° West. A 
second switch, S}, selects the polarity 
of the video signal (which can give 


quite interesting effects on some 
D2MAC broadcasts). Finally, the inter- 
face should be connected with short 
coax cables. If you cannot avoid the 
use of a relatively long cable (for in- 
stance, a standard length SCART 
cable), fit a 10 pF speed-up trimmer 
across the fixed terminals of P}. 

[B. Romijn - 934047] 


Converted SRB-1 receiver systems are 
available from Trac Satellite Systems, 
Commerce Way, Skippers Lane, 
Middlesbrough, Cleveland TS6 6UR. 
Telephone: (0642) 468145. Fax: (0642) 
440927. 
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GENERAL PURPOSE DIGITAL TESTER 


he tester cannot only detect rectan- 

gular-wave signals, it can also gen- 
erate them. The test signals may be gen- 
erated continuously or for a preset pe- 
riod as required. 

The detector part is based on IC). A sig- 
nal input to K; is applied to IC,, where it 
is divided by 1024 and then fed to a 
buzzer. The buzzer will sound at a fre- 
quency between 1 Hz and 10 kHzifa 
signal is present at a frequency between 
l kHz and 10 MHz respectively. 

The generator is formed by monsta- 
ble IC, and variable oscillator IC. The 
pulse width of the monostable may be 
set to ls maximum with P,. The monos- 
table is started when push-button switch 
S, is pressed. Rotary switch S, serves to 
select a continuous or a burst signal; in 
its third position there is no output. 

The oscillator operates over three ranges 
selected by S;: 1 Hz, 100 Hz, 10 kHz. 
The wanted frequency is selected with 
P, The required signal is available at Kp. 

Although the tester may be powered 
by a 9-V battery, provision has been 
made for an external 5-15 V source. 
Diode D, serves as power on indicator. 
Switch S, is the on-off switch. The tester 
draws a current of about 50 mA. 

[Amrit Bir Tiwana - 934007] 
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FOG LIGHT SWITCHING 


Mo cars are not fitted with fog lights 
and, what is more, there is often 
no provision for them. However, since in 
most European and North American coun- 
tries it is illegal to drive on sidelights 
and many cars still have a switch for these, 
the fog lights may be operated with this. 
The only trouble is that the fog lights 
are then on also when the headlights 
are on. This difficulty* can, however, be 
remedied with two relays and two diodes. 

When the sidelights are switched on, 
relay Re, is energized and the fog lights 
are on. When the headlights are switched 
on, relay Re, is energized via one of the 
diodes. Relay Re, is then no longer ac- 
tuated and the fog lights go out. 

Relay Re, may be any 12-V type with 
a break or change-over contact, but for 
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Re, a vehicle type must be used owing to 
the heavy current through the fog lights. 
Vehicle type relays can normally easily 
handle 10 A direct current. They are not 
normally available from electronics re- 
tailers, but most car accessory shops stock 
them. 

[J. Bosman - 934027] 


* There is a fundamental difference of 
opinion between the designer and most 
car manufacturers, who make it impos- 
sible—rightly in our opinion— for the 
fog lights to be on when the headlights 
are not. In fact, in many countries it is 
illegal to drive with fog lights on only; even 
during daylight fog, headlights (dipped) 
must be on also. [Editor] 
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LOW-NOISE MICROPHONE AMPLIFIER 


TH the arrival of matched tran- 

sistors in a single package it 
seems that the quest for the zero-noise 
microphone preamplifier has received a 
new impetus. The present amplifier is 
based on PMI’s MATO2 transistor pair. 
The performance of this amplifier is 
such that even the most demanding 
audio enthusiast will be impressed by 
its very low noise contribution. The am- 
plifier is simple to match to a wide 
range of microphone impedances, and 
offers a voltage gain of 20 dB or 23.5 dB 
(amplification of x10 or x15 respect- 
ively), selectable with a switch. 

The preamplifier is a two-stage direct 
coupled type with feedback and an 
input stage that runs on a very low col- 
lector current to minimise the noise 
contribution. The output impedance is 
about 70 Q at a gain of 23.5 dB. The 
preamplifier is built on a compact 
printed-circuit board as illustrated. Its 
low current drain (approx. 2.5 mA) and 
9-V battery supply make it ideal for 
portable use in conjunction with a 
high-quality dynamic microphone. 

Since resistor R is responsible for 
the input impedance and some other 
important characteristics of the pream- 
plifier, we will have a look at some mea- 
sured data with different values of R3. 

With R3=220 KQ, the input imped- 
ance is about 30 KQ. A THD+N (total 
harmonic distortion plus noise) of 
0.045% was measured; the noise level 
was -65 dB, measured in a bandwidth 
of 22 kHz, at an output voltage of 
15 mV. Source impedance and overall 
gain were found to have a negligible ef- 
fect on these figures. 

Changing the value of R to 6.8 KQ 


100n | 220 
16V 








resulted in a THD+N figure of 0.042% at 
an input voltage of 1 mV, and a noise 
level of -65 dB. At this resistor value 
the input impedance dropped to about 
1 kQ. At a source impedance of about 
600 Q, the THD is smaller than -95 dB 
(noise floor). On the down side, how- 
ever, the lower input impedance results 
in a reduction in overall gain of about 
4 dB. An even lower source impedance 
of 25 Q was found to result in a THD of 
-94 dB. 

(W. Zeiller — 934044) 
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YOUR PERSONAL 
UNIVERSAL PROGRAMMER 


Superpro is a low cost programmer which can easily 
be attached to your PC for use in R & D. It comes with 
its own half card for high speed communication so you 
can still use your parallel port. 

Superpro comes from California so you can be sure the 
latest devices will be supported. In fact the software is 
updated on an almost monthly basis. The extensive 
device list covers most popular logic and memory 
families such as Amd’s Mach series as well as the 
popular Altera range EP310 to EP1810. Support is 
also included for popular gals such as 16V8 and 
20V8 from a variety of manufacturers. Standard 24, 
28, 32 and 40 pin e (e) proms are also catered for in 
the 40 pin universal ZIF socket. An added bonus is the 
ability to program a range of microcontrollers. PLCC 


sit Buffer 


Load 


A: Binary file 
: [Intel (Extended) 
: Motorola Si 
: Motorola $2 
: Motorola S3 
: Tektronix 


Mf G: Extended Tektronix 


Running 

File Name 

Buffer start address 
Save size 


= Enter Save size = i 
: 3| 000 


“Function select P-Edit 


devices can be programmed with special adaptors. 








So before spending thousands of pounds on a new stand alone programmer why not have a look at Superpro for a ten 


day trial period? 


LLOYD RESEARCH LTD 


Tel: 0489 574040 for a device list 





n speed chess a player has to make 

his move in 5-10 seconds. If he/she 
does not, he/she loses the game (de- 
pending on the agreed conventions). The 
‘clock’ described here indicates whose 
turn it is and who has defaulted. It may, 
of course, also be used for other speed 
games. 

When player A presses Sy, D, lights 
indicating that it is player B’s turn. This 
player returns the game to A by press- 
ing S,, whereupon D; lights. If a player 
fails to return the game to his/her op- 
ponent in the time set with P}, the buzzer 
will sound. 

The circuit is built around a 556, the 
dual version of the well-known 555. One 
half, IC), functions as a bistable (flip-flop) 
that ‘remembers’ which switch was pressed 
last: this is indicated by the associated 
LED lighting. The other half, IC,,, oper- 
ates as a monostable. It is kept in its 
triggered state (buzzer inactive) as long 
as it is retriggered regularly, and timely, 
by switches S, and Sy. 

The trigger input is made low by S, with 
the aid of T,;, and by S, with the aid of 
D. Every time IC, is retriggered, C; is dis- 
charged via pin 1] (DIS) of IC,,. The time 
set with P, then starts afresh. If neither 
of the switches is pressed in time, the volt- 
age across C; becomes so high that IC,, 
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is reset. Its output is then low and the 


buzzer sounds. 


The circuit draws a current of about 
20 mA (with one of the LEDs lighting). 


When the buzzer sounds, the current rises 
to around 40 mA. 
[C.R. Suthikshn Kumar - 934022] 
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DC-DC CONVERTER 


he converter raises a direct voltage 

to almost twice its level and is, there- 
fore, particularly suited to increase the 
output of solar cells to the level required 
for charging lead-acid or NiCd batteries. 
It can deliver a current of up to 3 A. 
Measurements with a load current of 
2 A are given in the table. The open-cir- 
cuit output voltage is about 1-1.5 V 
higher. 

In the following description it is as- 
sumed that the input voltage to the cir- 
cuit is 12 V and the output voltage 22 V. 
ICi} R and C; form a rectangular -volt- 
age generator. This signal is also avail- 
able in inverted form at the output of 
ICi} Network R, C delays the output of 
IC,,, so that the output of NAND gate 
IC), has a duty factor >0.5 (the negative 
half is shorter than the positive half). 
The same is true of the output of NAND 
gate IC.» (The input signal to this gate is 
delayed by R;-C,). 

The output of IC,, is inverted and buffered 
three times: in ICy, IC}, and the four 
parallelled gates IC,,-IC,.. It is then used 
to drive power FET T}. 


The output of IC), drives small-signal 
transistor T}. When this transistor is on, 
junction R,-R; is pulled to 2 V without 
diode D,. However, IC,, needs an input 
signal of 1 1-22 V, since the supply volt- 
age for this inverter (and, of course, also 
for inverters ICIC»), as well as the col- 
lector voltage of T, is already derived 
from the doubled output voltage. The neg- 
ative supply voltage for this IC is there- 
fore derived from the positive input volt- 
age. Diode D, ensures that the potential 
at the input of IC,, does not drop below 
10.5: V. 

Transistors T, and T, conduct alter- 
nately. When T; is on, C is charged to 
the level of the input signal via T; and 
D,. When T; is off and T; is on, Cy is 
charged similarly. Capacitor C retains 
its charge, since D, prevents its dis- 
charging. Since the two capacitors are 
in series, the output voltage is twice the 
input potential. 

Owing to the multiple inversion of 
both signals following the delay net- 
works, it is impossible for T, and T, to be 
switched on simultaneously. 


iCic 
9 


IC3f 


IC2,IC3 = 40106 








Capacitor C, buffers the input signal, 
so that its loading is constant in spite of 
the varying current drawn by the cir- 
cuit. 

It is essential that Dy, D3, T} and T; 
are well cooled. It is best to mount these 
components on a common heat sink. 

The bold lines in the circuit diagram 
represent heavy-duty wires that should 
be as short as possible, since they carry 
a current of 6 A. 

Acarefully constructed convertor should 
give an efficiency of 94% (at 22.2 V and 
1.8 A). 

[U. Kardel — 934014] 
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PROFESSIONAL QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all of our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 





are tuneable and can be received on an ordinary VHF FM radio. 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


FTV operan EN PINs acct cnn E eepmnsonrenie E er en £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range..................... £13.45 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range............. £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
AOMIM: 9-T2V Operation- SOOOM AN Einonen £16.45 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 

Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
SOTANO. Sex sciensoscennresnnrnesnensnnnactanencednnicenasidanshsilebnid Gucee SAS GE STRSTR, £19.45 
SCRX Subcarrier Scrambled Room Transmitter 

Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range............. £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range........... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 


Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation ............ccccceeeeeeeeeseeeeeeeees £22.95 


ATR2 Micro Size Telephone Recording Interface 
Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 


xxx Specials xxx 


Remote contro! anything around your home or garden, outside lights, alarms, paging 
system etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dil switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 


ROUTAN: SV SEO (2 VUES) oiia aN n ninia Eae £50.95 
individual Transmitter DLTX.............. ET a RPA ON AO OER SARAN ES! PRCT £19.95 
EEE AD] A p AAA RE E EENAA PA SN acne’: £37.95 
MBX-1 Hi-Fi Micro Broadcaster 


Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
ON öporahon. SEO FTI GG avis is nssscaseecasastennsshvcentennispeaseendeenvisrscnnedtonrivsniierstanemensel £20.95 


Dept. EE 


SUMA 


Note that certain products are for Overseas use only. 


UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range... £15.95 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range .................. cece £13.45 
STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

TOOM ande acta sspsounataceveaibsssninas sane a a ica A sina ANOSA £16.45 
TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
POM X OSMAN, SV ONG aUlON es a crear ser TA ATAATA £22.95 
CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
OPEO Ne ainan a n SacmaSSLNIS NE Pa ac Antes NEGAN £30.95 
CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation ........... cere £50.95 
QTX180 Crysta! Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
G7 iim: SV Operation, T000M aNG Enasi £40.95 
QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. OV operation. 1000M range ............. cece n £40.95 
QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
ETT FEAT TION CID UN coon verve nono PAE E E E E. £35.95 
QRX180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation .......... eee £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 


OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 
SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


THE Wor«KsHops, 95 Maın ROAD, 


BAXTERLEY. NEAR ATHERSTONE, 


DIDILA 


WARWICKSHIRE 
VISITORS STRICTLY BY APPOINTMENT ONLY 


Tel: 0827 714476 
Fax: 0827 714476 


CV9 2LE 
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JOYSTICK CONVERTER FOR PCs 


LTHOUGH frowned upon by many 
s addictive and devoid of educa- 
tional value, computer games can be 
great fun to play. This little circuit al- 
lows you to connect a digital (switch- 
based) joystick to the analogue inputs 
on the Game Control Adapter (GCA) 
which is available on most IBM PC/ATs 
and compatibles. 

A normal joystick interface consists 
of two inputs, each of which is con- 
nected to the two potentiometers in the 
joystick. Traditionally, the resistance 
formed by each of these potentiometers 
is used to charge a capacitor. When the 
capacitor voltage has reached a certain 
level, a bistable toggles. This means 
that the charging time is a function of 
the potentiometer position. The output 
state of the four bistables and the four 
digital inputs is a bit pattern found at 
address 201H. A software counter then 
tells the system how long it takes before 
a bistable bit toggles. 

This interface works fine in a closed, 
unchanging system. Unfortunately, the 
immense increase in processor speeds 
that has come about in recent years has 
caused compatibility problems with re- 
gard to the use of the analogue joystick 
inputs. The reason is simple: the same 
joystick read routine gives different re- 
sults on PCs with different clocks 
speeds. The effect of clock speed differ- 












1N4148 





ences has been reduced to some extent 
by making the timing variable with the 
aid of a switch. In this way, the program 
still reads the desired value (well, 
roughly ...). 

Most analogue joysticks have a cen- 
tre position adjustment, which, unfor- 
tunately, can be turned by accident in 
the excitement of a game. Conse- 
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quently, the program (game) will not re- 
spond properly to your signals any 
more, so that you will be unable to 
reach the highest score. Fortunately, 
many programs have a fairly wide mar- 
gin around the centre position, so that 
a small misadjustment need not be 
fatal. This type of software does not fol- 
low the above concept of reading the 
joystick position and turning it into a 
proportional value. Instead, it just 
reads left, right, up and down, and no 
proportional value at all. This circum- 
stance is exploited by the present de- 
sign. 

Arguably, if proportional movement 
translation is not used, there is no rea- 


COMPONENTS LIST 
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son why the potentiometers in the joy- 
stick could not be dropped altogether 
and replaced by simple switches, while 
still using the analogue input on the 
PC. Fortunately, switch-based joysticks 
exist — they also go under name ‘digital 
joystick’. 

With reference to the circuit dia- 
gram, the joystick is in the centre posi- 
tion if it is not operated, and none of the 
four switches is closed. This means that 
the PC ‘sees’ the resistance formed by 
Ro//(R,+D ,). The value of R, is calcu- 
lated such that the GCA card ‘sees’ a 
joystick resistance of about 50 kQ, in 
spite of the diode. If the lever is moved 
to the right, pin 4 on K, is pulled to 
ground, so that D, blocks and the com- 
puter ‘sees’ Rs (100 KQ) only. If the lever 
is moved to the left, pin 3 on K, will go 
low. This causes T, to be switched on 
via Ra, and, consequently, the GCA 
card to ‘see’ a joystick resistance of 
about 100 Q. In this way, the input sig- 
nals are converted into resistance 
values 100 Q, 50 kQ or 100 KQ. The 
same applies to the up/down section 





$ 934006 
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built around Ts. 

The ‘fire’ button is read directly via 
pin 6 on K}. If your joystick has a sec- 
ond button, this is read also via pin 5 
on K,. Also note the presence of the 
+5 V supply voltage on pins 8 and 15 of 
Ky (computer's side) — this may be 
used for inductive joysticks and/or 
types with an ‘auto-fire’ button. 





Finally, R, (Rs) may be replaced by a 
series combination of a 68-kQ resistor 
and a 50-kQ preset. This allows you to 
adjust the joystick's centre position, 
and play ‘older’ games that lack an up- 
to-date initialization routine. 

(R. Zandbergen — 934006) 


GENERAL TRANSFORMER PCB 


e board may be used either as 
shown in Fig. 1 or as in Fig. 2 It 
may be used with transformers rated 
from 1.5 VA to 12 VA. When used with 
a very small transformer, it is possible 
to cut off the part marked K2-K4. Place 
the terminal strips in the same position 
along the new edge as they were origi- 
nally. 

When non-short-circuit-proof trans- 
formers are used, a fuse in the mains 
entry plug is essential. 

[L. Pijpers - 934004] 


K2 
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* see text 
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MULTI-FUNCTION TEST PROBE 


ased on only two ICs and a transis- 
tor, this circuit can perform three test 
functions selected by switch $}. 

The circuit is based on a clock gener- 
ator, IC),_),, that provides a rectangular 
signal at a frequency of 3 Hz. 

With S, in position A, T) applies the 
clock signal to the probe. This buffer 
stage can deliver a current of up to 100 mA 
via limiting resistor R,. In practice, this 
means that the probe can inject the 3 Hz 
signal into any digital circuit, thereby over- 
ruling all logic outputs. Only short cir- 
cuits can cause the signal to disappear 
and the probe can, therefore, quickly 
detect them. This is, however, a rough and 
ready test, because it means that the tester 
short-circuits all outputs connected to 
the track that is being examined, whereas 
manufacturers allow this to happen to 
only one output at a time. 

With S, in position B, the tester can de- 
tect logic levels. When the probe is not 
connected to anything, the clock is pre- 
sent at the input of IC,,, so that D} flick- 
ers ina 3 Hz rhythm. When a logic level 
is applied to the probe, it suppresses 
the clock; if the level is low, the LED 
goes out; ifthe levelis high, the LED lights 
continuously. 

The switching thresholds of IC, lie at 
about !/, and ?/, of the supply voltage, 
which is suitable for the CMOS 4000 se- 
ries and the HCT family. Standard TTL, 
LS, and HCT ICs may be used, but the 


IC1 = 74HC(T)00 


thresholds are then not optimum. 

The tester can work with input sig- 
nals at frequencies of up to 30-40 MHz. 

With S, in position C, the input sig- 
nal is applied to the clock input of shift 
register IC,. After eight clock pulses at the 
probe, the high level that is constantly 
present at inputs A and B of IC, will have 
arrived at the Q4 output, so that D; lights. 
Since IC, is constantly reset by the 3 Hz 


100n 74HC(T)164 


74LS164 
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signal, the LED will flicker as long as there 
is a clock at the probe, provided that its 
frequency is higher than 25 MHz. 

The circuit draws a current of 10 mA 
when both LEDs flicker. To ensure that 
the pulse generator works satisfactorily, 
the power supply should be able to pro- 
vide a current of some 100 mA. 

[S. Mitra - 934045] 


DC-MOTOR REGULATOR 


e regulator shown in the diagram en- 
ables the speed of a DC motor to be 
set over a wide range. Although the most 
frequently used method for achieving this 
is pulse-width modulation, in the present 
design pulse position modulation (also 
called pulse time modulation) is used. 
Thatis, rectangular modulator IC, always 
switches the motor on for 0.5 ms (=R,C,). 
For most motors that is sufficient to 
start. The speed at which it will finally 
rotate is influenced by the pulse rate. 
The pulse spacing, which is the dis- 
charge time of C;, may be set between 1 us 
and 14 ms with R, and P}. 

T, can switch up to 6 A, provided it is 
fitted on a heat sink of not less than 
20 KW". 

[L. Pijpers - 934023] 
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A SMALL SAMPLE OF OUR RANGE 


ROOM TRANSMITTER RT1 An extremely 
sensitive miniature transmitter with long battery life. 
Dimensions: 20 x 20mm 


MAINS TRANSMITTER MT4 Can be connected 
inside any equipment that is mains powered. 
Dimensions 35 x 20mm 


TELEPHONE TRANSMITTER TTS Small enough 
to conceal within a telephone. Will transmit both sides of 
a conversation (series connection) 

Dimensions: 10 x 20mm 


TELEPHONE SOCKET TRANSMITTER TSTS 
Replace your telephone socket with this one within 
which a transmitter has been concealed. 


ROOM AND TELEPHONE TRANSMITTER RTT |: 
Operates as a room transmitter, then switches to 
telephone transmitter mode during telephone calls. 
Dimensions: 30 x 25mm 


Ae TELEPHONE RECORDER 
SWITCH TRS2 Record telephone conversations with 
this interface unit and your own tape recorder. 
Dimensions: 36 x 50mm 


AUTOMATIC TELEPHONE RECORDER ATR1 
Adapt the tape recorder included to record telephone 
calls automatically. 


TELEPHONE TAP ALERT TFA1 Visual warning 


of any invasions of privacy on your telephone line. 
Dimensions: 38 x 52mm 


RF DETECTOR RFD1 Highiy sensitive hand-held 
detector. Range between 10Mhz and 600Mhz. Silent 
operation. Dimensions: 70 x 50mm 


CAMERA DETECTOR CD8 Detects hidden video 
cameras (even miniature CCD models). 
Dimensions: 63 x 38mm 


RECORDING BRIEFCASE RBC1 Completely 


discreet recordings at a value for money price, 


SHOTGUN MICROPHONE AMPLIFIER SMA 


ideal for surveillance. The amplifier will pick up sounds 
from along distance. 


SIGNALLING TRANSMITTER SIGT Sends a 
continual audio pulse. Can be integrated into alarm, 
tracking or warning systems, Dimensions: 20 x 50mm 


TELEPHONE AMPLIFIER TAS Connected directly 
to the telephone, this unit will amplify both sides of a 
telephone call. Dimensions: 25 x 52mm 


PROFESSIONAL SOUND TO LIGHT UNIT 
SK72 Custom built for disco or home use. Audio signal 
divided into bass, mid and treble bands, with interna 
microphone and spotlig ht option. 

Dimensions 210 x 45mm 


MICRO METAL DETECTOR MMD Detect the 


presence of ferrous and various non-ferrous metals. 
Useful for all those DIY jobs. Dimensions: 40 x 25mm 


Please add £2.00 P & P to all orders and 17.5% VAT on all UK. orders. 
For ful) catalogue please send two 1st class stamps or 2 IRC'S 


172 Caledonian Road 
Dept EL 


London Ni OSG 

CANAL] |IBRIDGE AUDIO 

071-837 4423 
aa. 
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SUMMER 1993 


CATALOGUE 





Dan.. 


jia 1093 Se 


The new enlarged Cirkit 
Catalogue is out now! 


32 more pages 

New range of Kenwood ‘scopes 

The latest scanning receivers and accessories 
New section of low cost security products 


Extended range of Velleman kits including: 250W 12Vdc 
to 220Vac inverter, in-car amplifier power supply, 200 
and 400W amplifiers, suppressed lamp dimmer, halogen 
lamp dimmer, day/night thermostat and telephone 
remote control unit 


VVV VY 


> New test equipment, includes: 2.3GHz bench frequency 
counter, EPROM emulator/programmer, portable ‘scopes 
and bench function generators 


> Host of new components, including: compression 
trimmers, variable capacitors, connectors, fuses, and 
fuseholders, potentiometers, IC’s, soldering irons and 
lead free solder 


> Published 27th May 1993 


> Available from most large newsagents 
or directly from Cirkit 


> Send for your 
copy today! 







CIRKIT DISTRIBUTION LTD 


Park Lane - Broxbourne - Hertfordshire - EN10 7NQ 
Telephone (0992) 444111 - Fax (0992) 464457 


INFRA-RED A.F. RECEIVER 


his audio-frequency receiver is the 

counterpart of the infra-red trans- 
mitter. The output from the infra-red 
diode D, is amplified by IC,. The diode is 
a Type BPW41N which works well with 
the transmitter and is fairly fast (=200 ns). 
The output pulses of IC, are taken to 
comparator IC,, which separates them 
from the ambient light. To that end the 
d.c. component of the output of IC, is 
stored in C, and used as reference for 
IC}. 

The received signalis decoded by a sim- 
ple binary scaler, IC}. Each pulse re- 
sults in a change of level at the output 
of this stage, so that the output resem- 
bles the original pulse-duration-modu- 
lated (PDM) signal.The output is filtered 
by R,-C,;, decoupled by C, resulting in 
an audio signal that is suitable for driv- 
ing high-impedance headphones. 

The binary scaler stage contains a 
delay network, R,-C)), which prevents 
the scaler being clocked by ambient noise. 
Owing to this network, the previous level 
is retained at the D input fora microsecond 
during which the state of the clock input 
is immaterial. 

The output signal may be enhanced by 
an active 3rd or higher order low-pass 
(10-12 kHz) filter, which may also serve 


as a buffer 

In combination with the infra-red trans- 
mitter, and ignoring the residual high-fre- 
quency components, the audio signal is 
virtually undistorted. With the receiver at 
a distance of 1 m (3.3 ft) from the trans- 
mitter and 30% modulation, the signal- 
to-noise ratio is about -50 dB. The max- 
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imum distance the prototypes worked 
without interference was about 5m (16 ft). 
The circuit draws a current of some 
15 mA, which makes it advisable to use 

a rechargeable (NiCd) battery. 
[T. Giesberts - 934051] 


INFRA-RED A.F. TRANSMITTER 


t often happens that someone wants 

to watch television without the sound 
disturbing other people in the room.. To 
avoid having a long cable trailing over 
the floor, the present transmitter (and ac- 
companying receiver} make it possible 
to listen to the TV sound ‘wirelessly’. 

The transmitter uses pulse-duration 
(=pulse-width) modulation. The modu- 
lated signal is produced in the tradi- 
tional manner of having the audio sig- 
nal set against a pure high-frequency 
triangular signal in a comparator. A suit- 
able triangular signal generator can be 
found on page 55. If another generator is 
used, make sure that its off-set is equal 
to half the supply voltage of 5 V and its 
peak value is 2.5 vp 

For a good range, the current through 
the LEDs must be large. Since, however, 
LEDs should not draw large continuous 
currents, the pulses must be short, and 
this is why PDM is used. (In this type of 
modulation, the time of occurrence of 
the first and last transition, that is, the 
leading and the trailing edge, is varied 
from its unmodulated position). 

The pulses are generated by XOR gate 
IC, which compares the original PODM 


signal with one delayed by R;-C3-IC). This 
results, for every level change, that is tran- 
sition, into a short pulse whose width is 
equal to time constant R;-C,. 

The output signal of IC,, switches T}. 
In this way, the current drawn by the LEDs 
(with a supply voltage of 10 V) is re- 
stricted to a peak value of 400 mA with 
the aid of Rẹ. The average current drawn 
by the circuit is then some 90 mA. 

Presets P, and P, serve to remeove 
anydifferences between the pulses caused 





by a first transition (leading edge) and 
those resulting from a last transition 
(trailing edge). In the absence of an input 
signal, set P}, with the aid of an oscillo- 
scope, so that all pulses in the output 
signal have the same width. Then set P, 
so that the pulse spacings are equal. 
The output of IC; should then be a per- 
fect square wave. 

With the receiver used in combina- 
tion with the transmitter (with maxi- 
mum input), set P, to obtain the low 


IC2 = 4030 


D1...D3 = LD271 
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est possible interference on the re- 
ceived signal 


Finally, note that IC,, and IC), may be 
used for the triangular wave generator. 
IT. Giesberts - 934052] 


TRIANGULAR-SIGNAL GENERATOR 


por duration modulators require a 
perfect triangular signal, that is, one 
that is absolutely symmetrical with 
straight sides. Any deviation from this 
results in distortion. 

The design is the usual rectangular- 
triangular oscillator. A Schmitt trigger 
converts a triangular wave into a rect- 
angular one, which is used to continu- 
ously charge and discharge a capacitor 
via current sources. Positive current 
source T) arranges the charging and neg- 
ative current source T, the discharging. 

The Schmitt trigger is formed by EXOR 
gates IC,, and IC, which are connected 
as inverters. The remaining gates in the 
IC are not used here, but are available, 
for example, for a pulse duration modu- 
lator. Resistors R, and R, determine the 
hysteresis of the convertor. 

The output of the trigger switches on 
T, and T, alternately. If the output of 
IC, is high, T, conducts; if it is low, T} is 
switched on. Resistors R, and R, ensure 
that the base voltage of T}, and thus the 
potential across emitter resistor R}, is con- 
stant if the output of IC, is low. This 
ensures that Ç is charged via T, with a 
constant current. Diode D, arranges a 
rapid switching off of T,. Transistor T, 
operates similarly, but when the output 
of IC is high. 

The amplitude of the triangular sig- 
nal must not be greater than the base 
voltage of T) and T,. Assuming a supply 
voltage of 10 V, this means that the am- 
plitude of the triangular signal is 2.5 Vp- 


* see text 





Opamp IC, is a good-quality, fast type 
(200 V us”) that functions as a buffer 
between the output and the input of the 
Schmitt trigger. Since it is a good-qual- 
ity type, it has virtually no effect on the 
shape and quality of the triangular sig- 
nal. If required, the symmetry of the tri- 
angular signal may be corrected to a 
small degree by connecting a low-value 
(1 KQ) preset in series with R, or R. The 
value of the chosen resistor must be re- 
duced by half the value of the preset. 
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The circuit can generate signals at 
frequencies up to 300 kHz. With values 
as shown, the output frequency is 38 kHz, 
which is required by the pulse duration 
modulator elsehwere in this issue. The 
frequency may be altered by changing the 
value of C}. 

The circuit draws a current of about 
8 mA, of which 5 mA are on account of 
IC. 

[T. Giesberts - 934048] 
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Most advertisements are perfectly proper. A few are not. 


Te TEA The Advertising Standards Authority not only monitors over 850 


S/a // advertisements every month, it ensures compliance with the rules in the strict 
Code of Advertising Practice. 


SO when you question an advertiser, they have to answer 
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Advertising Standards Authority, Department X, 
Brook House, Torrington Place, London WC1E 7HN. 
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REGULATOR OUTPUT DELAY 


E this circuit, a Type 317 variable volt- 
age regulator is provided with a facil- 
ity whereby, after the input voltage has 
been switched on, its output voltage 
rises only slowly to the value set with 
P. For instance, if P| was set for an out- 
put of 15 V, that value is reached only 
after 5 seconds. If the output voltage 
was set at 7.5 V, that value would have 
been reached after 2.5 second. In other 
words, the delay time is directly propor- 
tional to the set output voltage. The delay 
may be lengthened by increasing the 
value of R, and/or C. The delay may be 
disabled by removing the link at JP, 
(which is useful when P} is being ad- 
justed). 

Diode D, protects the base-emitter 
junction of T, against too high a reverse 
bias. Without the diode, if the output of 
the regulator were short-circuited, charged 
capacitor C, could cause a Ugg that ex- 
ceeds the permissible maximum 6 V. 

Diode D, protects the regulator if the 
input voltage were (accidentally) to drop 
faster than the output voltage. 

The circuit draws a current of only a 


D1 
1N4001 


: $ 
i| 2 


IZ 


) I c2 
Ll 


100u |100n 
40V 


few mA, although the peak current may 
amount to 1.5 A. To prevent the temper- 
ature protection of the LM317, mounted 
ona 14K W- heat sink, coming into op- 


* see text 


1N4001 


47u |40V 
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eration, the constant output current 
should not exceed 500 mA. 
lJ. Ruiters - 934060} 


FAST HIGH-POWER ‘ZENER DIODE’ 


gl aim of the design of this ‘zener diode’ 
is to obtain a fast voltage regulator 
that can provide high currents. The cir- 
cuitis based on a Type BUZ10 sipmos tran- 
sistor, which has a high dissipation and 
can cope with high currents. 

From an external power source, whose 
voltage must be about 2 V higher than 
the wanted stabilized potential, P,-C,-D, 
derive a stable voltage in the range 0-6.8 V. 
This voltage switches on T,, which in 
turn switches on T,. If U, drops slightly, 
the potential at the gate of T, also drops, 
whereupon T, raises its on-resistance, 
so that the output voltage rises. The con- 
trol speed is determined by R, 

The circuit as drawn delivers output 
voltages in the range 3.9-9.6 Vatasupply 
voltage of 15 V. 

In the prototype an open-circuit volt- 
age of 6 V was set (the current drawn by 
T, was 490 mA), which dropped to 5.94 V 
when a load of 15 Q (minimum value) 
was connected across T,as shown in 
dashed lines. The drain current was then 
13 mA. 

The dynamic behaviour is excellent: 
with a rectangular input signal at a fre- 
quency of 10 kHz, and a load of 15 Q, 
the recovery time was smaller than 1 us. 

[ B.C. Zschocke - 934050] 
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Universal Programmer 
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/ Uses standard pc printer port 
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“ Supports over 1500 ICs:- 
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EPROM Programmer 
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Practical creativity in electronics 
The speed and intensity with which elec- 
tronics penetrates our daily lives at home, 
at work, or in our car, tends to make us 
forget that we can use electronics cre- 
atively by building designs with a practi- 
cal application and having the satisfac- 
tion of a successfully finished project. 
Elektor Electronics, which is distributed 
all over the world, can help you achieve 
these goals. Throughout the year, the 
magazine features original construction 
projects, informative articles and news 
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tion on new products. 


The value of an annual subscription 
If you wish to increase your electronics know-how and skills, take out an annual 
subscription to Elektor Electronics by filling in the order form on page 111 or writing or 
telephoning to the address below. You will then not only 
have the convenience of having the magazine delivered to 
your home and the peace of mind that you will not miss any 
issue, but you will also save money compared with buying 
the magazine from a bookstall: the price of a subscription 
in Britain for the 11 annually published issues is the 
same as the average price of 10 issues bought from a 
bookstall. Rates are shown on page 112. 
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FROM CONCEPT TO ARTWORK IN 1 DAY — 


Your design ideas are quickly captured using the ULTIcap schematic design Tool. ULTIcap uses 

A REAL-TIME checks to prevent logic errors. Schematic editing is painless: simply click your start and end 
$ points and ULTIcap automatically wires them for you. ULTIcap's auto snap to pin and auto junction 
features ensure your netlist is complete, thereby relieving you of tedious netlist checking. 


ULTIshell, the integrated user interface, makes sure all 
your design information is transferred correctly from 
ULTIcap to ULTIboard. Good manual placement tools are 
vital to the progress of your design, therefore ULTlboard 
gives you a powerful suite of REAL-TIME functions such 
as, FORCE VECTORS, RATS NEST RECONNECT and 
DENSITY HISTOGRAMS. Pin and gate swapping allows 
you to further optimise your layout. 


Now you can quickly route your critical tracks. 
ULTiboard's REAL-TIME DESIGN RULE CHECK 
will not allow you to make illegal connections or 
violate your design rules. ULTIboard's powerful 
TRACE SHOVE, and REROUTE-WHILE-MOVE 
algorithms guarantee that any manual track 
editing is flawless. Blind and buried vias and 
surface mount designs are fully supported. 


lf you need partial ground planes, then 
with the Dos extended board systems you 
can automatically create copper polygons 
simply by drawing the outline. The polygon 
is then filled with copper of the desired net, 
all correct pins are connected to the 
polygon with thermal relief connections 
and user defined gaps are respected 
around all other pads and tracks. 


-ULTIboard s autorouter allows you to 

~ control which parts of your board are 
_autorouted, either selected nets, or a 
component, or a window of the board, or 
the whole board. ULTIboard's intelligent 
router uses copper sharing techniques to 
minimise route lengths. Automatic via 
minimisation reduces the number of vias to 
decrease production costs. The autorouter 
will handle up to 32 layers, as well as 
single sided routing. 





rds backannotation automatically 
your ULTicap schematic with any pin 
we ate Swaps or component renumbering. 
Finally, your design is post processed to generate 
pen / photo plots, dot matrix/laser or postscript 
prints and custom drill files. 





~ ULTiboard PCB Design/ULTlcap 
- Schematic Design Systems are available 
in low-cost DOS versions, fully compatible 











: with and upgradable to the 16 and 32 bit 
_ DOS-extended and UNIX versions, 
. featuring brie eee capacity 
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MATRIX KEYPAD ENCODER 


Matrix keypads may be readily purchased by the home 
constructor from a large number of sources, and they are 
usually competitively priced. However, unlike the generally 
more expensive non-encoded types, they require a decoder IC, 
which may work out almost as expensive as the keypad itself. 
A low-cost alternative is presented here. 


By C.J. Bearman 


AVING recently purchased a 

miniature 16-way keypad for a 
computer project I was designing, I 
had the option of either obtaining a de- 
coder chip (such as the MC14419) or 
building my own out of general-pur- 
pose integrated circuits. One of the 
problems I immediately noticed while 
perusing the specification of the 
Motorola IC was the fact that it seemed 
to deliver a strobe pulse only on the 
ten numeric keys, whilst my circuit 
was going to require a strobe from all 
sixteen. 


The circuit I have come up with 
uses five readily available ICs and a 
small handful of other components. 
Although designed to work into a mi- 
croprocessor data bus, it may readily 
be adapted in a number of ways to suit 
the use of any experimenter. Likewise, 
it will easily adapt for use with a twelve 
or nine key pad, by simply omitting the 
appropriate decoder lines. 


Circuit description 


The matrix connections for a typical 
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Fig. 1. Circuit diagram of the matrix keypad encoder. 


keypad are evident from the circuit di- 
agram, Fig. 1. A free running 2.5-kHz 
oscillator is made from a gate in IC1, 
and feeds into the count (CNT) input of 
IC2. The first two counter outputs are 
connected to decoder IC3a to select the 
column signals on pins 4 to 7. The row 
connections are taken to the four AND 
gates in IC4 via pull-down resistors. 
The second decoder, IC3b, splits the 
other two outputs from the counter 
into four lines to feed the remaining in- 
puts of IC4. 

When a key is pressed, the corre- 
sponding line from decoder IC3a is 
routed to one of the gates in IC4. 
Within a few milliseconds the other 
input of that gate will be addressed by 
the scan of IC3b, causing its output to 
go high. The four diodes at the IC4 gate 
outputs create a wired-OR gate which 
will supply a leading edge to the latch 
input of ICs via two gates in IC1. As the 
inputs from the latch are being fed 
with all four outputs of the counter, 
the leading edge on pin 11 will load the 
binary number associated with the 
particular key being pressed. As soon 
as the decoders pass on to the next 
key, the output from the wired-OR will, 
of course, go low. However, because of 
the charge stored in capacitor C2, the 
voltage on input pins 12 and 13 of IC1 
will remain high, so avoiding any fur- 
ther toggling of the data available line 
until the key is released. 

The four output pins from IC5 will 
present a binary code between ‘0’ 
(when the top left-hand key is pressed) 
and ‘15’ (when the bottom right-hand 
one is pressed). If it is desired to de- 
code these into sixteen lines, all that 
has to be added to the circuit is a 16- 
line decoder using the appropriate 
technology; i.e., a CMOS 4515, a TTL 
74154, or similar. 

Current consumption in the quies- 
cent state was measured on the proto- 
type at 44 uA with a +5-V supply, 
rising to almost double this value 
when a key was pressed. w 
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CLASS A PREAMPLIFIER 


owadays, the design of preampli- 

fiers is almost invariably based on in- 
tegrated circuits. However, there are still 
many constructors who like a discrete de- 
sign and they may like the one described 
here. 

The design of the amplifier is sym- 
metrical. In the differential input stages 
dual transistors T) and T, are used.The 
differences in current amplification be- 
tween these make bias correction at the 
input stage essential and this is pro- 
vided by Tj). The required reference volt- 
age source is provided by Dy. Preset P, 
sets the output voltage to O V. The only 
drawback of the correction stage is that 
an input coupling capacitor, C}, becomes 
essential. However, with the value of this 
capacitor as shown, the cut-off frequency 
is only 1.5 Hz, so in practice this no real 
problem. 

The input stages drive a push-pull 
amplifier that consists of T; and Ty. To 
increase the stability of this amplifier, 
its gain is limited by Rjg-Rjg. 


8062 


* see text 





A=0V 
B=2V 
C = 1V88 
D = 1V38 
E = 13V8 
F = 1V54 
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The output stage is a conventional 
emitter follower, Ta and Tọ. A current 
source, consisting of T; and Ts, ensures 
constancy of the quiescent current through 
the emitter follower. For best perfor- 
mance, the plane sides of T, and Ty, and 
of T; and Tj), should be joined together 
after some heat conducting paste has been 
applied to them. A brass clamp to make 
the mechanical coupling secure is ad- 
visable, but not absolutely essential. 

The quiescent current through Ty and 
Tip is set to 20 mA with P,. The value of 
the current may be measured on the 
basis of the voltage drop across Ry and 
Ryo. 

Capacitor C, serves to improve the re- 
sponse of the stage and to suppress over- 
shoot. The effective bandwidth is thus 
reduced to 2.4 MHz, which is more than 
ample for audio applications. 

For optimum performance, all tran- 
sistors operate in Class A, which results 
in the relatively large quiescent current 
of 40 mA. 


R12 D1 
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To ensure correct feedback, the earths 
of input and output, R;, Ry, Re, and Ry, 
as well as the negative supply line must 


be taken to one earthing point only. 


Some measuring results (with 
U,=+15 V, 1 V r.m.s. output and a 1 Q 
load): 

Gain: 16 dB 


Input sensitivity 150 mV) 
Slew rate 200 V us! 
Signal-to-noise ratio: 100 dB (unweighted) 
Third harmonic distortion <0.00025% 
(20 Hz—20kHz). 

[T. Giesberts - 934069] 
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IC BUS FUSE 


N LL I?C cards published so far in this 

agazine (see References) are nor- 
mally powered by the 5 V supply in the 
PC via the 6-way DIN socket on the I?C 
PC insertion card. A drawback of this 
arrangement is that the 5 V supply in 
the PC is at risk of being short-circuited 
by a fault on any of the I?C cards con- 
nected. Since most PC power supplies 
are capable of supplying very high cur- 
rents at the 5-V output (20+ A is typi- 
cal!), short-circuits can cause a lot of 
smoke and annoyance. 

The circuit shown here protects your 
costly hardware by inserting a fast 1 A 
glass fuse in the 5 V supply line be- 
tween the I?C interface card in the PC 
and the first I2C card in the chain. ewer 
Alternatively, for even better security, a 
fuse card may be inserted into every 
cable that connects two I?C boards. 

Two LEDs are fitted on the fuse card 
to signal the presence of the 5 V supply 
voltage ahead of and behind the fuse. 
The LEDs cause an additional current 
consumption of about 20 mA. 

The printed circuit board shown al- 
lows five fuse cards to be built. 

(J. Ruiters — 934016) 


References: 

1. I?C interface for PCs. Elektor 
Electronics February 1992. 

2. ADC/DAC and I/O for FC bus. 
Elektor Electronics March 1992 

3. I2C LED display. Elektor Electronics 4. I?C  opto/relay card. Elektor 
June 1992. Electronics February 1993. 


ZENER BRIDGE 





Ta supply described here uses two the same process happens, but now D4 R,. Bear in mind, however, that the 
zener diodes and two rectifier will act as the zener, while Dọ and Da diodes act as zeners only half of the 
diodes instead of the usual four rectifier are forward biased. time. In other words, the average cur- 
diodes and one zener. The zener current is determined by rent through the zener diodes is only 

Assuming that the potential at junc- 
tion D}-Da is positive with respect to 
that at D»-D4 and is greater than the 
zener voltage (+0.6 V), D3 will act asa 
zener and limit the voltage to 10 V. The i = 
current flowing from D, through C, and 1N4001 1N4001 
the load will return to the transformer 
via D; (the voltage across C, is then 
equal to the zener voltage of +0.6 V}. 

The potential across Da (not plus 
0.6 V) will be applied to C,, which (in 
theory) can be charged to 0.6 V below 
the zener voltage (in practice, without a 
load, it is slightly higher). 

If the voltage at junction D»,-Dy, is 
positive with respect to that at D,-Ds, 
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half the peak current. The same applies 
to the power. With the value of R,=47 Q 
(as drawn) and an average zener cur- 
rent of 90 mA, the diodes dissipate 
about 450 mW, but the peak dissipa- 
tion is nearly 1 W. It is, therefore, not 
possible to lower the value of R}. 

Since the current through the zeners 
is not constant (owing to the alternating 
voltage at the input), the maximum 
output current of the circuit is rather 
lower than twice the average zener cur- 
rent. Here, it is around 75 mA. At this 


current, the output voltage is about 
9.4 V; without a load, it is around 
10.4 V. 

Just as in a traditional circuit, the 
output voltage of the present circuit 
rises to the peak value of the input po- 
tential (that is, about 18 V) when one of 
the zener diodes fails. 

Also, bear in mind that the circuit 
limits only the peak value of the output 
voltage. As soon as the diodes no longer 
act as zener diodes, the output voltage 


depends entirely on the charge of C}. 
That charge will, of course, drop and 
so, therefore, will the output voltage. 
The present circuit is consequently in- 
tended primarily for use with circuits 
that tolerate ripple or that draw only a 
small current. With C,=220 uF (as 
drawn), and the load current 75 mA, 
the ripple amounts to 7 V. To lower that 
value appreciably, the value of C} must 
be raised considerably or the load cur- 
rent must be limited to about 1 mA. 

[L. Pijpers — 934024] 


SCSI ACTIVE TERMINATION 


E SCSI bus (small computer sys- 
tems interface) is a high-speed bidi- 
rectional parallel bus used mainly for 
connecting ‘intelligent’ peripheral de- 
vices to a CPU. The bus is the de facto 
standard in the Apple computer envi- 
ronment, where it is used to connect 
devices like CD-ROM readers, scan- 
ners, and internal as well as hard disks. 
The SCSI bus has also found wide ac- 
ceptance in the IBM PC world, where 
the main application is with large hard 
disks. SCSI hard disks feature a ‘soft- 
ware’ type identifier, and require an ap- 
propriate hard disk controller and 
associated software. 

An SCSI bus network should have 
only one bus termination device. These 
devices are usually supplied with the 
PC, or the SCSI peripheral, and consist 
of resistors only, connected between the 
TERMPWR (+5-V) line, the transmission 
(signal) lines, and ground (SCSI drivers 
are open-collector types}. The termina- 
tion resistance ‘seen’ on every signal 
line is critical to ensure the highest pos- 
sible data speed on the network. 

The circuit shown here is an active 
termination device, which eliminates 
the 220 9 and 330 Q resistors required 
for each signal line with a passive ter- 
mination scheme, reducing signifi- 
cantly the continuous system power 
drain. When placed in series with 120 Q 
resistors, the L200 voltage regulator 
matches the impedance level of the 
transmission line, and eliminates re- 
flections. Here, the L200 supplies a 
fixed voltage of about 2.75 V across R]. 

The active termination device should 
replace the single, passive, termination 
device already fitted in the SCSI sys- 
tem. Construction is easy on the PCB 
shown. The voltage regulator, IC}, may 
be bolted direct to the PCB without a 
heat-sink. 

(T. Scherer — 934038) 
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READERS’ CORNER 


LETTERS 


S-VHS/CVBS-to-RGB Converter 
(September 1990) 
Dear Editor—I have encountered some prob- 
lems with the S-VHS/CVBS-to-RGB con- 
verter. My suggestions to correct these prob- 
lems are enclosed. 


NOTES: 


Hans Henrik Høegh, Frederiksberg, Denmark 


Although the designer has not yet commented 
on your suggestions, they are shown here 
for the benefit of other readers. 

[Editor] 


COI) OYUN] BDO 


TDA4510 


Resonance at 2.2 MHz 


2 
uH TOKO 119 LN-A5783 


What you order from CIRKIT 
and what you get, — are two 
different things! 


TDA 4510 is extremely prone to pick up noise from the power supply 


Pin Ta 
Use the original 


SCART: 
into 75 Ohms! 


TDA 3505: 
then the outeut signal will 
TDA 4660/7V2: 
10 nF capacitor parallel 
TDA 4660/7V2! 


A VCR switch is missing! 
as shown. 





COMPONENT RATINGS 


In resistor and capacitor values, decimal points 

and large numbers of zeros are avoided wher- 
ever possible. Small and large values are 
usually abbreviated as follows: 


p(pico-) = 10-!2 
n(nano-) = 10-9 
U(micro-) = 10-6 
m (milli-) = 10-3 
k (kilo-) = 103 
M (mega-) = 106 
G (giga-) = 109 


Note that nano-farad (nF) is the international 
way of writing 1000 pF or 0.001 uF. 
Resistors are !/3 watt, 5% metal film types un- 


The Elektor circuit does NOT compensate for this noise. 


TDA 3505 is an obsolete type and out of production! 
If the brightness voltage at pin 20 of TDA 3505 is lower than 
be clipped in the black/dark arey 





YCR 


Philips application circuit as shown! 


The Switching voltage at pin 16 is Unable to supply 1...3V 
The Elektor pin numbering is different from the 


PCB. 


1.90 Y; GND 


areas! 


According to Philips it is recommendable to connect a 
to Ril at the reference pin 13 of 


Disconnect pin 13 of the TDA 2595 and add 





less otherwise specified. 


The direct working voltage of capacitors 
(other than electrolytic or tantalum types) is 
assumed to be 260 V. As a rule of thumb, a 
safe value is about 2x direct supply voltage. 


Direct test voltages are measured with a 
20 kQ2/V meter unless otherwise specified. 


Mains (power line) voltages are not listed in 
the articles. It is assumed that our readers 
know what voltage is standard in their part of 
the world. 


Readers in countries that use 60 Hz supplies, 
should note that our circuits are usually de- 
signed for 50 Hz. This will not normally 
cause problems, although if the mains fre- 





The new edition of the German Electro 
Electronics Buyers’ Guide (in four languages)is 
now available. It is published by 
Verlag W. Sachon GmbH & Co. 
Schloss Mindelburg 
D-8948 Mindelheim 
Germany 
Phone +49 8261 9990; Fax +49 8261 999132 


Housing screen 


CVBS output 

Blanking signal earth 
Video earth 

Blankina signal 


Red earth 
Green input 
Green earth 


Switching voltage 


Blue earth 
Audio earth 
Audio left output 


Audio right output 


Resonance at 4.4MHz 


iT L2 

| 10 uH TOKO 119 LN-A3Z753 
l 
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What uyou order from CIRKIT 


and what you set, — are tuo 


different things! 


TDA2595 


switch 
O 
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quency is used for synchronization, some mod- 
ification may be required. 


The international letter symbol‘ U’ is used 
for voltage instead of the ambiguous ‘V’. 
The letter V is reserved for ‘volts’. 


The size of a metric bolt or screw is defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
in mm, the X sign and the length of the bolt 
or screw, also in mm. For instance, an M4x6 
bolt has a thread diameter of 4mm and a length 
of 6 mm. The overall diameter of the thread 
in the BA sizes is: 0 BA = 6.12 mm; 2 BA = 
4.78 mm; 4 BA = 3.68 mm; 6 BA = 2.85 mm; 
8 BA = 2.25 mm. 
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EVENTS 


IEE AND IEEIE PROGRAMME 

30 June — 14 July—Photographic, computer 
art and engineering models exhibition. 

| July—Writing good technical reports. 

1 July—Periodic inspection and testing of 
electrical installations. 

2 July—Design calculations for small elec- 
trical installations. 

4—9 July—High voltage engineering and 
testing. Vacation school at the University 
of Northumbria. 

6 July—Electricity at work regulations. 

7 July—Portable appliance testing. 

9—1 1 July—History of electrical engineering. 
Twenty-first weekend meeting at the 
University of Warwick. 

12—16 July—Data communications and net- 
works. Eighth vacation school at Aston 
University, Birmingham. 

13 July—Initial verification of electrical in- 
stallations. | 

18-23 July—Satellite communication sys- 
tems. Ninth vacation school at the University 
of Surrey, Guildford. 

19-23 July—New broadcast standards and 
systems. Sixth vacation school at the 
University of Warwick, Coventry. 

25-30 July—Stepping into management. 
Third vacation school at the University 
of Keele. 


Further information on these, and many other, 





fee 


FOR SALE. Elektor Electronics, complete from 
1 to 212. Please write to D. Callender, 17 Badger 
Way, Banbury, Oxford OX16 9UD, England. 


amas Ee ae ate 


WANTED. Any information on composite to 
RGB conversion unit for Commodore 64. Plans 
or place of purchase 73s G8TEX. Write to MrT. Eley, 
20 Elsham Road, Leytonstone, London E11 3JH, 
England. 


FOR SALE. Epsom #8148 M-E intelligent i/f 
set. 8 off, boxed, manuals, new. 8 K buffer print 
and computer. Offers. Write to Mr T. Eley, 20 
Elsham Road, Leytonstone, London E11 3JH, 
England. 
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events may be obtained from the IEE, Savoy 
Place, London WC2R OBL; Telephone 
071 240 1871, or from the IEEIE, Savoy Hill 
House, Savoy Hill, London WC2R OBS; 
Telephone 071 836 3357. 


2-5 Aug—Microwave. International con- 
ference in São Paulo, Brazil. Details from 
Sociedade Brasileira de Microondas, Instituto 
Mauá de Tecnologia, Estrada das Lagrimas, 
2035, 09580-900 São Caetano Do Sul, Sao 
Paulo, Brazil. 

18-21 Aug—Radio propagation. International 
symposium in Beijing, China. Details 
from Dr M. Tiehan, Chinese Research 
Institutec of Radiowave Propagation, 
PO Box 138,93 Xinxiang, Henan 453003, 
China. 

30 Aug—3 Sep—Software engineering stan- 
dards. Symposium in Brighton. Details 
from T. Denvir, Lloyd’s Register of Shipping. 
Lloyd’s Register House, 29 Wellesley 
Road, Croydon CRO 2AJ, England. 

30 Aug—2 Sep—Quantum electronics. 
Eleventh national conference in Belfast. 
Details from S. Swain, David Bates Building, 
Queen’s University, Belfast BT7 INN, 
Northern Ireland. 





Whether you're 7 or 77, there will be some- 
thing for you at the British Association’sAn- 
nual Science Festival, which this year will 
be held at Keele University from 29 August 
till 3 September. This festival will once again 


FOR SALE. Stepper motor boards 1 and 2 fo 


milling machine plus PAL (1x16L8) for above. 
Plans for Build It Yourself Digitizer (ACAD). 
Write to Mr Kaj Larsen, Gyvelvej 33, DK-9560 
Hadsund, Denmark. 


FOR SALE. 6809 Flex hardware software sys- 
tem. For details ring John at (0245) 344716 
(Chelmsford). | 


FOR SALE. Siemens 80535 evaluation kit, other 
8051 manuals, etc. 68000 single board computer. 
EPROM programmer. Phone Mr D.G. McDonell 
at (0379) 700 766 (Fort William). 


FOR SALE. Elektor Electronics from June 1990 
to present. Also July/August 89; June 89; May 
88: Mar—June 82. Phone Richard on (0926) 
833 412 (Leamington Spa). 


FOR SALE. Electronic circuit drawing program 
for PCs. Send a cheque for £5 to D. Hargreaves, 
51 Retreat Road, Topsham, Exeter EX3 OLF, 
England. 


WANTED. Computer mother boards XT, etc. 
Phone Robin on (0268) 524 968 (Basildon). 


WANTED. Copy or buy manual for Rohde & 
Schwarz LRU610 inductance meter. Write to P. 
Redway, 169 Ballards Walk, Basildon, Essex 
SS15 5JU, England. 


CORRESPONDENCE. Lady penpal wanted by 
widower aged 46 with 3 children (8, 11, 14). Write 
to John Savage, 7 Weyhill Close, Park North, 
Swindon, Wilts SN3 2NN, England. 


WANTED. Electricity and Magnetism (book) by 
H.E. Hadley, printed in 1938 by MacMillan, 
London. Write to A.B. Petrie, 54 Clober Road, 


bring you a jam-packed week of science, where 
you'll be spoilt for choice. Each day will be 
crammed with different opportunities: choose 
from hands-on science activities, debates, vis- 
its, exhibitions, talks, and many more. 

The exhibition at this year’s festival is 
‘Science for Life’, which is all about biomed- 
ical science. It is the focus of the Wellcome 
Centre for Medical Science, a major new 
initiative of the Wellcome Trust. The exhi- 
bition provides an exciting opportunity to learn 
about the past, present and future of biomed- 
ical science, and to appreciate its impact on 
everyday life. Entrance is free. 

Details from the British Association for 
the Advancement of Science, Fortress House, 
23 Savile Row, London W1X 1AB. Telephone 
071 494 3326. 





PC93, the 21st Australian Personal Computer 
Show, and Communications & Office 
Technology 93, the Australian International 
Communications & Office Technology Ex- 
hibition will be held in Melbourne, Australia 
from 10 to 13 August 

Details from Overseas Exhibition Services 
Ltd., 11 Manchester Square, London W1M 5AB. 
Telephone 071 486 1951. 
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Milngavie, Glasgow G62 7SR or phone (041) 956 


1041. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 07/93 
Name and address MUST be given 








HALOGEN LIGHT SWITCH 


D1 
IE 6 
1N4148 per 
Di ry 
a(i 


Haee lamps are rightly popular be- 
cause they give a good light and have 


an excellent efficiency. Unfortunately, 
they tend to be costly. Moreover, they often 
give up the ghost when they are switched 
on, because they then draw a very high 
current (some ten times normal, equiv- 
alent to roughly a hundred times their 
normal power ating). A simple passive cir- 
cuit can remedy this, but only for DC 
operated lamps. If they are AC operated, 
a rectifier could be added, but that gives 
relative high losses at 6 V or 12 V. 

The present circuit takes a different 
tack: it is based on the fact that a power 
FET passes a current that is dependent 
on its gate voltage. If the gate voltage 
rises gradually, the current will increase 
gradually also. Here, the gate voltage is 
determined by the potential across C,, 
which is charged slowly via R}. Slowly 
means some tens of milliseconds, which 
is long enough for the filament to warm 
up. 
Note that the FETs specified need at 
least 6 V gate voltage to switch on. The 
maximum gate voltage is 12 V, so that 
the circuit is suitable for 12 V lamps 
also. The value of R; for 6 V lamps should 
be about 100 KQ, and for 12 V lamps, 
about 470 kQ. Figure 2 shows the effect 
of the circuit. The lower curve repre- 
sents the current without limiting: its peak 
is about 4.5 times the nominal current 
through the lamp. With the limiting cir- 
cuit, the lamp current no longer assumes 





such high values, as shown by the upper 
curve. 

The MOSFET may be any suitable 
type. The BUZ10 can handle some 20 A, 
so that it can switch 12 V, 20 W lamps 
without any problems. In practice, even 
50 W lamps may be switched, because 
the large currents last only a very short 
time. A Type BUZ11 can handle up to 30A. 
Losses are small: a BUZ10 has an on re- 
sistance of 0.08 Q, which at 1.67 A gives 
a loss of 230 mW. This heats the tran- 
sistor in free space by about 17 °C. A 
heat sink is, therefore, not needed. 

[K. Walraven - 934028] 
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FOURTH ORDER SINGLE CHIP FILTER 


Hea filters are normally de- 
signed by using two or more 2nd- 
order sections in series. This means that 
a 4th-order filter needs at least two opamps. 
The present filter, however, uses only 
one opamp, which results in smaller dis- 
tortion, intermodulation, and soon. Also, 
there is no internal resonance rise, which 
typifies combinations of 2nd-order sec- 
tions. Because of this, the peak input 
signal may be equal to the peak output 
of the opamp (but consider the common- 
mode input range). 

Drawbacks of the circuit are the rather 
high ratio C,: C, and the minimum value 
of the resistors. The resistor values are 
determined by the load on the output of 
the opamp (of which the resistors form 
a part). The maximum load (with large 
signals) ofa TLO8 1 is 2 KQ. Resistors R|-R, 
constitute an impedance of 2.5 KQ, so that 
the external load must not be smaller than 
10 kQ. Ifan opamp is used that can han- 
dle a load of 600 Q, it is advisable to give 





R,-R, a minimum value of 2.5 KQ. This _ sistors. 
will lower the noise emanating from the The characteristic of the filter is a 
filter, whichis generated chiefly by there- 4th-order Bessel polynomial. A Butter- 


Ci C3 


15n384 58n674 


100n 
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worth characteristic is difficult to ob- 
tain with this type of filter, since, owing 
to the unity amplification of the opamp, 
the ratio C,:C, becomes very high. With 
component values as shown, the -3 dB 
point is 1 kHz. Other cut-off frequencies 
can be obtained by recalculating the 
component values: these are directly 


proportional to the frequency. The 4th- 
order Bessel and Butterworth polyno- 
mials and the transfer function of the 
circuit are given below. 


Bessel: 1+5+°/;8?+2/);9+!/i.S?. 
Butterworth: 1+2.6131s+3.4142s*+ 
2.6131s°+ st. 


Aj @=1+joa2C,C,+ 


(jo)2(C,(C)+3) C\(C,4+4) C(Cy+-3) C3 Cy] + 
(j00)3[2C, Cy(Cy+.2)C, Cy(Cy+2) CCgCyl+ 
(jo)? C\CO,C,Cy. 


[T. Giesberts - 934059] 


GENERAL PURPOSE SCHMITT TRIGGER 


e thresholds voltages, and thus the 
hysteresis, of the Schmitt trigger de- 
scribed can be set independently. 

The circuit is based on opamp IC}, 
which has been connected as an invert- 
ing Schmitt trigger. The two voltages at 
which the output of the circuit changes 
level are preset with P} (high level= U,) 
and P, (low level = U,). Provided that Uy 
is greater than U; 


U;< U-> U,= U;;-> U.= Uy; 
DAAR EEE A 


These two expressions are shown as a 
graph in Fig. 2. From this it is clear that 
when the output is high, it will change 
ot low only if the input has risen above 
U;,, and will then change back to high 
again only if the input voltage has dropped 
below U,. 

The changing state of the output re- 
sults in the changing of the reference volt- 
age at the non-inverting input of IC). In 
the first instance, this is caused by the 
weak, but fast, positive feedback via R 
and R}. The hysteresis caused by this net- 
work amounts to only 20 or 30 mV, but 
that is more than enough to give the 
opamp good switching performance. 

Once the opamp has changed state, 
U. changes for the second time, because 
IC,,-ICo4, alter the level at junction R,-C, 
from Uy to U, or vice versa. 

Capacitor C}, in conjunction with the 
on resistance of the analogue switches, 
slows the transfer process: the refer- 
ence voltage changes smoothly from one 
value to the other in about 250 ns. This 
assumes that the speed at which the 
input signal changes is not too high. To 
enable signals with steep transitions 
(edges) to be processed, there is a low- 
pass filter at the input (R;—-C,). 

The threshold voltages are set with 
the aid of a millivoltmeter connected 
successively to Uş and U,. Presets P) and 
P, should preferably be multiturn types 
to enable the levels to be set accurately 
to within a millivolt. 

The trigger may be used with unipo- 
lar and bipolar input signals. If only pos- 


ELEKTOR ELECTRONICS JULY/AUGUST 1993 


itive inputs need to be processed, the 
power supply for the trigger may be asym- 
metrical. To that effect, the negative 
supply line is linked to ‘0’ and the supply 
(max. 16 V) connected to + and 0. With 
a supply voltage of 16 V, the trigger draws 
a current of <30 mA. 

The switching performance is tested 
with a triangular voltage [0-5 V) at the 
input. With that input and the thresholds 
set to 2 V and 4 V, the trigger switched 
accurately at frequencies up to 5 kHz. 

[J. Ruiters - 934021] 
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FAST ACTIVE RECTIFIER 


he rectifier is intended to improve 
the bandwidth of most digital 
multimeters. It is based on a half- 
wave rectifier in a traditional set-up. 
Diode D, is in series with the 
outputof opamp IC}. Since feed- 
back resistors R) and R, are con- 
nected after D,, the negative halves 
of the signal at the input of the cir- 
cuit will appear with the same value 
at the cathode of D,. During the 
positive halves at the input, the 
output of the opamp is kept at al- 
most O V by D}. Network R;-C, at 
the output integrates the half- 
wave rectified voltage, so that the di- 
rect voltage across C represents the 
average value of the negative halves 
of the input signal. If the original sig- 
nal was sinusoidal, the direct volt- 
age will be 1/x times the peak value 
of the input signal. 
The opamp used is a current-feed- 
back type. Its bandwidth is determined 
by the values of the resistors in the feed- 


15V C! lee 


47u |25V |100n 
C5 c3 
+ + = © ii 
© 47u [25V |100n 





back loop. For a large bandwidth, the value 
of these resistors should be as low as 
feasible. To retain an acceptable input 
impedance (1 KQ in the prototype), both 
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R, and R, have a value of 1 KQ. The 
bandwidth is then 30 MHz. When 
the value of both resistors is halved, 
the bandwidth becomes 60 MHz. 

The accuracy of the rectifier is de- 
termined not only by the bandwidth, 
but also by the slew rate. That of 
the AD844 is not less than 1200 V us"! 
(typically 2000 V us"). Furthermore, 
the capacitance and forward bias 
of D, and D, play a role. The BAT82 
has a capacitance of 1.6 pF,and a 
forward bias of about 0.5 V at a for- 
ward current of 4 mA. 

In the prototype circuit, the fre- 
quencies were measured when the 
output voltage was dropped by 1% 
(about 0.1 dB). At 1 V output, the 
-1% point was at 1.7 MHz; at 100 mV 
at 400 kHz, and at 10 mV at 45 kHz. 

The circuit draws a current of 
6.5 mA with a supply voltage of +15 V. 
The supply to the AD844 may lie be- 
tween +4.5 V and +18 V. 

[T. Giesberts - 934055] 


INTERIOR LIGHT SWITCH FOR CARS 


Me cars are provided nowadays with 
interior lighting that comes on au- 
tomatically when one of the doors (or 
the tailgate of a hatchback) is opened. 
This can have a drawback if one of the 
doors of the car is not closed properly 
and the car is left in the garage for a few 
days.* This may effectively flatten the bat- 
tery. There is, however, a remedy for 
this.’ 

For the proposed circuit, the usual 
lights switch takes over the control of 
the interior lights from the door switches. 
The circuit is based on a 555 (7555, 
555C) timer and acts as a monostable 
that switches on the lights for four min- 
utes as soon as it is switched on. This 
time may be altered by changing the 
values of R) and C,. Network R,-C, ensures 
that the IC is enabled as soon as voltage 
is applied. 

The output of IC, controls relay Re, 
via T,. The only requirement of the relay 
is that it should be actuated by a volt- 
age of 12 V and a current of less than 
200 mA. As soon as the timer switches 
the lights off, the current drops to 6 mA 
if a 555 is used and to 0.5 mA if a 555C 
is used. 

Before the circuit is built into the car, 
check how the door switches are con- 
nected. If they are in the +ve battery line, 
use variant a (top); if in the -ve (earth) 
line, use variant b. 


Finally, connect the circuit to the junc- 
tion of the wires from the door switches, 
otherwise it will react to only one door. 

[B. Klein - 934037] 


* These days, even in the garage, it is 
best for security’s sake to properly shut 
and lock all doors and, if fitted, set the 
alarm. [Editor] 


' In quite a few modern cars, the circuit 
described (or one like it) is a standard 
fitting. [Editor] 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


Take the Sensible Route! 





Boardmaker is a powerful software tool which provides a 
convenient and fast method of designing printed circuit 
boards. Engineers worldwide have discovered that it provides 
an unparalleled price performance advantage over other 
PC-based and dedicated design systems by integrating 
sophisticated graphical editors and CAM outputs at an 
affordable price. 





In the new version V2.40, full consideration has been given to 
allow designers to continue using their existing schematic 
capture package as a front end to BoardMaker. Even 
powerful facilities such as Top Down Modification, 
Component renumber and Back Annotation have been 
accomodated to provide overall design integrity between 
your schematic package and BoardMaker. Equally, powerful 
features are included to ensure that users who do not have 
schematic capture software can still take full advantage of 
BoardMaker’s net capabilities. 


BoardMaker V2.40 is a remarkable £295.00 (ex. carriage & 
VAT) and includes 3 months FREE software updates and full 
telephone technical support. 





BoardRouter is a new integrated gridless autoroute module 
which overcomes the limitations normally associated with 
autorouting. YOU specify the track width, via size and design 
rules for individual nets, BoardRouter then routes the board 
based on these settings in the same way you would route it 
yourself manually. 


This ability allows you to autoroute mixed technology designs 
(SMD, analogue, digital, power switching etc)in ONE PASS 
while respecting ALL design rules. 





No worrying about seta tracks will fit between pins. If the | 


track widths and clearances allow, BoardRouter will 
automatically place 1, 2 or even 3 tracks between pins. 





You can freely pre-route any tracks manually using 
BoardMaker prior to autorouting. Whilst autorouting you can 
pan and zoom to inspect the routes placed, interrupt it, 
manually modify the layout and resume autorouting. 


BoardRouter is priced at £295.00, which includes 3 months 
FREE software updates and full telephone technical support. 


BoardMaker and BoardRoufer can be bought together for | 


only £495.00. (ex. carriage & VAT) 
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Full analogue, digital and SM support - ground and 
power planes - 45 degree, arced and any angle 


tracks with full net-based Design Rule Checking. 








Öpimized EEN ap displaying ratsnest per 
component. Lines indicate the unrouted nets. 


piii 








HIGHLIGHTS 


Net list import from OrCAD, Schema etc. 


Graphical and manual netlist entry 
Top down modification for ECOs 
Forward and back annotation 
Component renumber 

Effortless manual routing 

Fully re-entrant gridless autorouting 
Simultaneously routes up to eight layers 
Powerful component placement tools 
Copper fill 

Curved tracks 

Extensive Design Rule Checking 

Full complement of CAM outputs 
Support and update service 

Reports generator 

Gerber, PostScript & DXF output 
Full SMD support 








Tsien (UK) Limited 

Cambridge Research Laboratories 
181A Huntingdon Road 
Cambridge CB3 ODJ UK 

Tel 0223 277777 

Fax 0223 277747 


All trademarks acknowledged 
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Don’t just take our word for it. Call us 
today fora FREE Evaluation Pack and 
judge for yourself. 
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CAR BATTERY VOLTAGE MONITOR 


P1 


2509 © D 


E monitor uses a two-digit 7-seg- 
ment LED display to indicate the 
battery voltage. In addition to this, 
there are ‘low’ and ‘high’ voltage warn- 
ing indicators. The display range is 
9-18 V. 
The battery voltage is scaled down by 
a factor 7.83 by resistors Rəọ and Rj7. 
This means that the voltage range at 
the SIG input of the LM3914 (IC}) is 
1.14-2.29 V for battery voltages be- 
tween 9 V and 18 V. The LM3914 has 
an internal voltage reference that main- 


LD1]3 |e HD1107G 


* see text 


C1 C2 4 
IC1 IC4 
® m= + Er ©) ian 


IC4 


74HC147 


oO On ON FSF W ND 


BC557A 


(8) Ic 





tains a voltage difference of 1.25 V be- 
tween pins 7 and 8. Each of the ten re- 
sistors in the ladder network thus 
drops a voltage of 0.125 V. The voltage 
difference for each step between 9 V 
and 18 V is (2.29-1.14)/9, or 0.1278 V, 
which is close enough to 0.125 V for the 
resolution required by the present ap- 
plication. Here, the LM3914 is operated 
in ‘dot’ mode. 

The open-collector outputs of the 
LM3914, L1\-L10\, are connected to 
l KQ pull-up resistors, nine of which 


LD2|3 [a HD1107G 


934018 - 12 





IC2 = 74HC04 


5V 
(+) K1 
i 


4702 
47022 

R10 10 
4702 
47022 

Ri1 11 
47022 
470 


47022 


5 


100n |47u 


o 
934018 - 11 


are contained in SIL array Rjg. The re- 
sistors also cause a ‘1l’ to appear on the 
most significant (MS) display for all 
input voltages greater than 9 V. Only if 
9 V is measured will the base of T} re- 
main high, so that the MS display is 
quenched. If the input voltage is higher, 
the base of T, is pulled low, and the B 
and C segments of LD, light, showing a 
‘1’. Output Ls of the LM3914 is not con- 
nected because the priority encoder, 
IC}, automatically encodes a ‘0’ if none 
of its inputs is pulled low. Together 
with the ‘1’ on the MS display this pro- 
duces the reading ‘10... Inverters 
ICy,-ICyq ensure the correct input lev- 
els for the inputs of the 4511 display 
driver, IC). 

Inverters IC and ICo, function as 
undervoltage (<8.7 V) and overvoltage 
(>18.7 V) monitors and indicator dri- 
vers. The actual switching thresholds 
will depend on the IC used, so some ex- 
perimentation with the value of Rj; 
(ovevoltage) and R,,4 (undervoltage) may 
be called for. The undervoltage LED 
should light at input voltages between 
5 V and about 8.5 V. Lower voltages are 
not possible because the LED light 
would not be seen any more. The over- 
voltage LED should light at an input 
voltage of about 19 V. 

The circuit is simple to adjust with 
an accurate digital voltmeter and an 
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adjustable power supply. If these in- 
struments are not available, simply set 
preset P} to mid travel, which is a suffi- 





ciently accurate setting in most cases. 
If precision is needed, apply 12.0 V to 
the input of the circuit. Adjust Pı until 
the display reads ‘12’. This value 
should remain on the display if the 
input voltage is varied between 11.5 V 
and 12.5 Y. If not, adjust Py. Next, re- 
duce the input voltage to 8.0 V. The un- 
dervoltage LED should light, and the 
display read ‘0’. Slowly increase the 
voltage to 9 V. At a value of 8.5 V the 
display should change to ‘9’. The exact 
voltage at which this happens is not 
terribly important. Next, apply 17 V, 
which should cause the display to indi- 
cate ‘17’. Slowly increase to 18 V, and 
check that the display changes to ‘18’ 
between 17.2 V and 17.8 V. If this does 
not work, R»; is out of tolerance, which 
causes an incorrect step size of the lad- 
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der network. The cure is simple: replace 
Ro, (and, if necessary, R;7 and Rọ also) 
by a 1% tolerance type. 

The circuit draws a fairly high cur- 
rent, which causes voltage regulator 
ICs to run hot if it is not fitted on a 
small heat sink. 

The printed circuit board consists of 
two sections (display and voltage moni- 
tor proper), which must be separated 
by cutting before they are populated. 
The connection between the two units 
so obtained is formed by a 12-way pin 
header, K}, on the main board, and a 
mating 12-way SIL socket, K,', on the 
display board. The display unit is 
mounted at a suitable position on the 
car’s dashboard, with the displays cov- 
ered by a bezel. Alternatively, the driver 
circuit and the readout may be fitted 
into a small plastic enclosure, for which 
a suggested front panel layout is 
shown. 

[K.M. Reddy - 934018] 


SPEED INDICATOR FOR PCs 


OR some reason or other, the princi- 

pal feature of a PC seems to be its 
CPU clock speed, and that is probably 
why many PC users have developed a 
habit of judging a PC by what appears 
on the 2-digit speed readout. Machines 
with a display reading below ‘33’ (for 
33 MHz), or which lack a display alto- 
gether, are not worth talking about. In 
other words, if your PC is not fast 
enough, you are ‘out’ before you know 
it. 

To fool these sufferers of ‘PC speed 
phobia’, and to bring you up to par 
again, we propose a Circuit that will 
feign a much higher CPU speed than 
actually used in the machine. In this 
way, you will be able to accredit, say, an 
‘old’ 12-MHz AT with a ‘state-of-the-art’ 


a 


BC337 











K2 


* see text 


CPU turbo speed of 66 MHz, or even 
99 MHz! After all, only you will know for 
sure what’s really ticking inside the 
grey desktop case. 

Joking apart, resistors Rı-R}4 limit 
the LED segment currents, and their 
value may be changed as required 


Thee 


6) ia 


BC337 ç> 


BC337 


(within limits, of course) to reduce or in- 
crease the readout brightness. The 
‘turbo’ speed indication is switched on 
via transistor Tə. Applying +5 V to the 
base of T causes T} to be switched off. 
The reverse situation, To off and T} on, 
applies when the turbo switch is set to 
the ‘normal’ position. 

Unfortunately there exist differences 


' between PCs as regards the logic levels 


used to switch between ‘normal’ and 
‘turbo’ CPU speed. In most cases, turbo 
speed is selected when the switch con- 
tact is a ‘make’ type that closes to 
ground. The table shown applies to that 
configuration. The table is also valid if 
the ‘normal’ position of the switch 
makes contact to +5 V; only R;7 must 
then be removed. In case turbo speed is 


LD2 |I 
HD1105 | 
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all 5s into 6s. 

Construction of the readout is simple 
on the printed circuit board shown (not 
available ready made). The board is cut 


Normal Turbo Always fitted = = Normal | 
| 12 AL:BI;DILEI:GI GPB P5 
16 AICLDLELFIGI B3 B5;C5 : 
2o A1:C1;D1;F1:G1 B39 A5;B5;:D5;E5;G5 i SA 
33 A1-:B1:C1:D1:G1 Br ‘A5:B5:C5:D5:G5 into two to separate the jumper section 
66 AL-C1-D1:EL-FL:G1 B3 A5-C5:D5:E5 F5:G5 from the display section. The two sec- 


99 AL:BL:CL-DL-F1:G1 E3 A5:B5:C5:D5:F5:G5 tions are interconnected by a 15-way 
SIL socket and a 15-way SIL header. 


Finally, note the wire link that runs be- 
tween the speed setting jumpers — if 





selected when the switch contact closes ground. you forget to fit it, the displays will re- 
to +5 V, the table needs to be modified, The modifications to the table are as main dark forever in the absence of 
and R,7 omitted. These modifications follows: their supply voltage. 

are also required, but R,;7 must be left (l)in the fourth (‘Normal’) column, (L. Pijpers, 934017) 
in place, if ‘normal’ speed is selected change all entries x3 into x2 


with the switch contact closed to (2) in the fifth (Turbo') column, change 


CONTINUITY TESTER 


he continuity tester is based on the 

well-tried uA741, which is used asa 
comparator that operates a buzzer at its 
output. The inverting (-) input is at half 
the supply voltage via R and R4. When 
the potential at the non-inverting (+) 
input is lower than that at the -ve 
input, which is the case when the resis- 
tance between the two terminals is 
small enough, the buzzer will be actu- 
ated. 

With values of R,, Ro and P} as 
shown, the sensitivity of the tester is 
about 1 kQ. The circuit is set by con- 
necting a 1 kQ resistor between the 
input terminals and adjusting Pı so 
that the buzzer just does not sound. 
The sensitivity may be increased to 
100 Q by making the values of R}, Ro 
and P, ten times smaller. The circuit 
then draws a slightly larger current 
(2.5 mA instead of about 2 mA). 

[A. Rietjens - 934025] 


934025 - 11 
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AUDIBLE CONTINUITY TESTER 


ATEVER the latest trend in digi- 
tal multimeters, no electronics 
workshop is complete without a conti- 
nuity tester for fast and reliable testing 
of connections, components and PCB 
tracks. The little instrument discussed 
here is an audible continuity tester 
whose output frequency is determined 
by the resistance measured. Handheld 
and extremely simple to use, the tester 
allows you to concentrate on the con- 
nections you wish to examine rather 
than on a LED, a display or a moving- 
coil meter. So, using the continuity 
tester is a matter of listening as you 
‘probe through’ the circuit under inves- 
tigation. 

The circuit diagram shows a two- 
transistor oscillator whose output fre- 
quency is a function of the resistance 
measured between the input terminals, 
A and B. The feedback element in the 
oscillator is formed by capacitor C}. 
Diode D, and the base-emitter diode in 
T, ensure smooth charge reversal in C}, 
without creating a potential divider with 
base resistor R,. The collector resis- 
tance of T, is formed by a diode, Do. 
which ensures stable amplification in 
spite of battery voltage reduction. The 
distortion caused by this arrangement 
is of little consequence since the output 
is not a clean sine wave anyway. The 
transistors draw the greater part of 
their supply current through a passive 
piezo buzzer, and so generate an audi- 
ble tone. 

A combination of one n-p-n and one 
p-n-p transistor is used to make sure 
that no battery power is consumed 
when the test terminals are not con- 
nected. This obviates an on/off switch. 
Depending on the setting of preset P}, 
the current drain of the actuated circuit 
is a modest 3-5 mA. 

The frequency of the tone produced 
by the tester drops with increasing re- 
sistance measured. It is practically im- 
possible to damage components or 
connections with the tester, since the 
voltage difference between the input 
terminals is about 8 V, and the maxi- 
mum current about 50 uA. 

Preset Pı is adjusted such that an 
agreeable tone is produced with the 
input terminals short circuited. Next, 
connect a resistor of 22 kQ, whereupon 
the tone frequency should drop consid- 
erably. 

The completed printed circuit board 
(not available ready made) is fitted into 
a probe-type enclosure, together with 
the 9-V (PP3) battery. Input ‘A’ is con- 
nected to a solid pin (the actual probe 
tip) that protrudes from the front side of 
the enclosure, while ‘B’ is connected to 





a flexible, red wire fitted with an 
insulated croc clip. 
[F. Hueber — 934034] 
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WE HAVE THE WIDEST CHOICE OF USED | DATRON 20614 6.5 T Autocal E Aopen 4 PE 
OSCILLOSCOPES IN THE COUNTRY DATRON 1065 -5.5 digit Autocal Multimeter 









with AC/DC/Ohms with IEE E. A PELE ZAIRE £600 
HEWLETT PACKARD 3490A Bench Multimeter, 5 Digit AC/DC/Ohms ... £200 
PHILLIPS PM2534 Multi Function DMM 3.5 -6.5 digit with 

GPIB/IEEE- . pane Rr re Only £450 
MARCONI Digital Frequency Meter 24304 10H2-80MHz eer £125 
MARCONI Digital Frequency Meter 2431A 10H2-200MHZ ......... i £150 
MARCONI Universa! Counter Timer 2437 DC -100MH2............... £175 
MARCONI Unive unter Timer 2438 DC- S2OMHZ sssrini rres £225 
BLACK STAR Jup 0.1Hz-500KHz PNY £70 


TEKTRONIX 7000 SERIES OSCILLOSCOPES Dua! Trace P'ugir 
th TB from £200 Many Plugin options available. 4 Trace; Differential etc 
PLUG-INS SOLD SEPERATELY 

































PHILLIPS 3070 
Liquid Crystal 


KIKUSUI 


Qual Trace 100 MHz Delay Sweep Trig View Clever Cursors 


£800 





















3 Channel + Cn4/Ch5 Trig View 


J, 


500 Sine/Sq/Tr 




























100Mhz De ay 25 PINA £600 | FEEDBACK FG600 Sine/Sa/Tri 0.04HZ-L00KHZ «sssrinin £60 
HITACHI V1050F Dual Trace 100M £450 MULTIMETERS HAND HELD M2355 -32 ranges AC/DC 10 Amps Diode/ 
TEKTRONIX 475 Qual Trace / £550 | transistor Tester; Frea courtter......... A ast £32.50 











£500 
£450 
£400 

> £450 
y Sweep A £400 


H.P. 1715A Dual Trace 200MHz Delay S 
TEKTRONIX 465 Dual Trace 
H.P. 1740A Dual Trace 100MHz Delay S 












FARNELL ELECTRONIC LOAD RB1030 - 35 
TON SOAM O SO. NON: ssarisastrap enida cntpesapecsuosvenseanasess 




















H.P. 8690B Sweep Osc 
RACAL /DANA RF FP 


86974 Plug-in, 26.5-40GHz 









MSS £800 








HITACHI V650F Dual Trace 60N 











D ep O a RACAL/DANA 9341 [ CLOR OOS oni £350 
; 5 f ENS 00 
83 Dual Trace 50MH? Delay sweep meee £200 | WAYNE KERR 8905 2 sere E9 
en . ` Ha y > AOMHz Delay i ; ates £200 WAYNE KERR 8605 Automat mponent Bridg NANAS £350 
EAD OSAA SAE AEE T E AEI I E E E NSN AVO AC/DC Breakdon Le nag & lonisation Tester RM215L/2 ... £600 





KIKUSUI 5 FARNELL PSU TVSTOMK2, TOV 5A/30V 10A .. en £300 


FARNEL PSU H60/25 0-60V; 0-254mos Metered a a £400 
FARNEL PSU L30E 0-30V; 0-5Amps Metered ........... Sars . £80 
FARNEL 83 : £250 
H.P. 62 55A 0-40 0.1.54 G iv £130 
H.P. 62098 0-320V; 0-0 ie Metered ee R £125 
TELEQUIPMENT CT? 1 EW ci ie ONA £250 
MARCONI TF2700 Unive ry from .... x £150 


PHILLIPS PM5193 Programmable synthesizer/ AVO Valve Cha be teristic Meter VCM1  §300 
LEADER LF Wow & Flutter Meter i EE aaes n £250 


Function Generator 0.1MHZ - 50MHZ IEEE-488. 
PHILLIPS P ourbar Generator ....... f 5 ET 2 4). 
PPPPrrrrrrrrTTTriTrrrrsiiriiiiriiiiiitii tit FARNELL | ower Amp. 1.5-520MHz 300m\WW ........ £175 
RACAL 9100 Absorption Wattmeter 1MH2ziGHz 3W ` 
FARNELL ISOLATING TRANSFORMERS 
GU500 240V 500A 
Un-Used £50 


530 Dual Trace 3OMHzZ ... rarest £180 
100 Dual Trace 30MHZ ..... FA a ... £160 
DMHz....:... ress £200 

















£125 








THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE 

















































MARCONI 2019 Synthesize 


AM/FM Sig Gen 8OKHZ-1040M HZ ......... £2000 
MARCONI 2018 Synth AM/FM 


t Sig Gen 8OKH2-520M HZ . £950 
EIP 545 Microwave Frequence nter 10Hz - 18GHz ..... £1400 
EIP/DANA »quency Counter 20Hz - 18GHz £950 
RACAL 9921 Freque nter 3GHZ ..... £300 
H.P. 339 Distortion Measuring Set 10Hz - 110KHz ee £1500 
RACAL/DANA 1991 Nanosecond Universal C Aias £800 
RACAL 9302 RF Millvoltmeter True RMS 1OKH2-1.5GH2 ........ £450 
RACAL 93014 RF Millivoltmeter True RMS as £300 
RACAL 9009 Automatic M GHz Wide Deviation £250 
H.P, Pulse Generator type 2148.0... eee OEN E. T: i 
LYONS PG73N Pi è sin BAO 
MARCONI 2610 True RMS Voltmete .. £800 
GOULD Bicmation KS000 uai £500 
KEITHLEY 224 Programmable Current Source H £1000 




























HAMEG EA HM 1005 Triple Trace LOOMHZ 
Delay Timeba veveeseeee £847 
HAMEG OSCILLOSCOPE HM 604 Dua | T ace ĝi OMHZ 
T N a T NONNO E AS à ERE |.. 
HAMEG OSCILLOSCOPE HM20: 7 Du al Trace 20MHZ. 
POOPIE TASC oe aiss (is ii aR ES .£362 
HAMES OSCILLOSCOPE H2 05.3 Dual Trace 20MHZ. 
gital Storage NS EANA SOPR NELE F E A £653 


All other models available - all oscilloscopes Supplied with 2 probes 














































BLACK STAR Lemaire (p&p all units £5 
APOLLO 10 - 100MHZ Counter Timer Ratio/Penod/Time Interval etc 


vw EDBOO FOU T 
APOLLO 100 - 100MHZ (As above with more functions) £325 














OMHz - 18GH 




































H.P. 1427 with 85548 & 85528. SOOKH2--1250MIz..... £1300 METEOR 100 FREQUENCY COUNTER 100MH2...... £109 
H.P, 140T with 8554L & 85524 SOOKHz- 1250MHZz........... £1000 | | METEOR 600 FREQUENCY COUN WHE Sa: £135 
METEOR 1000 FREQUENCY COUNTER 1GHZ 0 £178 


H.P.141T with 85564 & 8 OHz - 300KHZ ..... soe, £1000 
H.P. 140T with 85536 & 85524 160Hz - LLOMHZ.............., £800 
MARCONI TF2370. 1KH2- LIOMHZ...... .... £1500 
H.P. 182C with 8558B 100Hz - 1500MHZ........... .. £1500 


ne/Sa/Tr £110 
£229 







JUPITOR 500 FU 
ORION COLOUR BA 


GENERATOR O i HZ SO00KHZ. S 
NERATOR Pal/TV/Vid 


All other Slack Star Equipment available 
























a ee L OMMO 


OSCILLOSCOPE PROBES Switchable «i: x10 (PAP £3) ...........0. £ii 














Used Equipment Guaranteed- Manuals supplied if possible 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Please check availabillty before ordering CARRIAGE all units £16 
VAT to be added to Tc 


STEWART of READING Ex 
in 110 WYKEHAM ROAD, READING, BERKS RGG IPL 


Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mon-Fri (until 8pm Thurs) 








tal of Gac jods and Carriage 

















MADE IN HOLLAND 


Program all current E(E)PROMs. Built-in power supply. No extra 
expansion card needed. Strong compact anodized aluminium 
housing. Connectable to any computer with an RS232 port. 
Any terminal emulator through ASCII command set. 
Menu-driven software for IBM-compatible, FFC format 
converter and updatable database. Manual: English, 
German, French (EPP_2 also Spanish). The EPP_2 is 

Sota suitable for 8 Mbit devices although detailed 
; specifications of such devices are not yet available. 


DEALERS WANTED 


UK customers contact Maplin 
other countries please contact European HQ Comdis 































specifications EPP_IF EPP_2 















Memory size 1 Mbit 4 Mbit (8 Mbit) 

Baudrate 300 up to 19,200 300 up to 19.200 — 

Parity None, Odd, Even None, Odd, Even PRICES: 

Handshake None, RTS/CTS, XON/XOFF None, RTS/CTS, XON/XOFF 

Data format Motorola sIf, s2f and s3f Motorola sIf, s2f and s3f EPP 1F: UK £ 123,00 
Socket ZIF-28 ZIF-32 F 

Power 4.5 VA 8 VA P . J 

Weight 0.630 kg 0.780 kg E P2 : UK £ 179,00 
Voltage 115 or 230 VAC 115 or 230 VAC 

Dimensions 175 x 103 x 65 mm 175 x 103 x 65 mm 


Why build one yourself if you can buy ‘ready-made’ at these prices? 

Prices do not include taxes. Delivery exworks. 

* Payment in advance on our Bank ABN/AMRO, Eindhoven, The Netherlands, 
Accountnumber: 52.77.86.284, Swift Address: ABNANL 2A ABN/AMRO Amsterdam. 

* VISA Card, please add 6%. 

All payments must be accompanied by full name and address of customer, 

quantity and type of programmer. Delivery within 2 weeks upon receipt of payment. 


Comdis Nederland P.O. box 4945 RSA 
5604 CC Eindhoven The Netherlands SA 
Tel.: +31(0)40-128217 Fax: +31 (0)40- 128271 = 


Computer Distribution, Services & Consultancy 
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AUTONA LTD 


UK's leading module manufacturer since 1972 


SECURITY EQUIPMENT 
DIRECT FROM THE MANUFACTURERS 


2000 Series 


Microprocessor Control Units 
- -ony to Install * Simple to Use a 


* Auto Alarm Reset & 
Reduction 
* Alarm Sounded Memory 
* Intelligent Exit Delay 
* Built in Loop Checks 


These brand new control panels use state of the art 

electronics to provide highly effective protection of the £4 So 
home, with all sizes of security systems. Attractively 79, v.95; 

styled in a steel case and supplied with full instructions. 

Detailed colour brochure available. 


Miniature Passive Infra Red Sensor-RP33 


Switchable Dual range, detects intruders up to 6 or 12 meters 
Quantity This advanced sensor operates by detecting the body heat of 
discounts an intruder moving within the detection field. Slow ambient 
startat changes such as radiators, etc, are ignored. Easily installed in a 

3 3 units. room or hallway. Providing reliable operation from a 12v 

Size 80x60x40mm ree £ ; 7 5 ; ' 

supply, it is ideal for use with a 2000 Series or equivalent, high 
quality control unit. supplied with full instructions. 


@ SOFT IR BEAM 1470 Și DIGITAL ULTRASONIC 





FULL RANGE OF CONTACTS, CABLE, SIRENS ETC:- 
FOR COMPLTETE SECURITY INSTALLATIONS 


* AUDIO MODULES * 


A rugged high powered module that is ideal for use in 

discos & PA Systems where power of up to 125W, 4ohms 

are required. The heavy duty output transistors ensure 

stable and reliable performance. It is currently supplied to 

a large number of equipment manufactures where 

reliability and performance are the main considerations, 4 

whilst for others its low price is the major factor. . -ageagia 
Operating from a supply voltage of 40-80V into loads from 

4-|6ohms. 


A popular module with tens of 
thousands installed. Ideal for domestic 
applications. Supply rail 20-50V with 
loads of 8-|60hms 


MM 100100-BUDGET 3-INPUT MIXER 


With a host of features including 3 individual level controls, a master volume and 
separate bass and treble control, it provides for inputs for microphone, 
magnetic pickup and tape, a second pickup (selectable), and yet 

costs considerably less than competitive units. This 

module is ideal for disco and public address units 

and operates from 45V-70V 





MM 100G GUITAR MIXER 


As MM100 with two guitar + | microphone input intended 
for guitar amplifier applications 
Complete Audio Range from 10-125w 
Send for Details TODAY 





DEPT EE 12 

51 POPPY ROAD 
PRINCES RISBOROUGH 
BUCKS HP27 9DB 
TEL: (084 44) 6326 EN Add V.A.T. Carriage only £2.00. 
FAX: (084 44) 7102 Export 10% Minmum 


Order by Credit Card for 


immediate dispatch 
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MULTI-PURPOSE DISPLAY DECODER 


ESIGNING a suitable LED display 

for a particular application can be 
time consuming. In particular, the de- 
coder that sits between the driver cir- 
cuit and the display often needs to be 
made to measure. The main advantage 
of the circuit presented here is that the 
same hardware’ can be used to imple- 
ment many different types of display 
decoding. This is achieved by using an 
EPROM, which most readers will be 
able to program or have programmed. 
The circuit translates a 12-bit input 
code into suitable drive signals for a 
4-digit readout built from 7-segment 
common-anode LED displays. Four dig- 
its (displays) require four bytes in the 
EPROM. If these bytes are stored at four 
successive addresses, they can be read 
by applying binary code 00 through 11 
to the two least significant address 
lines, AO and Al. Since the four dis- 
plays are multiplexed, driving the AO 
and Al lines in this way enables codes 
to be fetched from the EPROM and indi- 
cated on the readout. This leaves the re- 
maining address bits of the EPROM free 
to apply the code to be converted. 
As an example, an EPROM is pro- 
grammed to function as a code transla- 
tor for an RC5 infra-red remote control 


5V 


transmitter. The RC5 receiver described 
in Ref. 1 may be connected directly to 
the decoder input connector, K}, via a 
short flatcable. An RC5 code consists of 
five address bits and a 6-bit key code. 
In this example, the two most signifi- 
cant digits are used to show the ad- 
dress, and the other two to show the 
key code. The six data bits, the five ad- 


IC2 = 74HCT139 








dress bits and the toggle bit are con- 
nected to the EPROM address lines. The 
toggle bit is used to drive the decimal 
point on the digit at the extreme right, 
which provides an indication that a key 
has been pressed on the remote control 
unit. 

The contents of the EPROM are gener- 
ated with the aid of the Pascal program 
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program |IR_display_decoder; 
uses dos,crt; 


var 
count : word; 

i, j, K, l, m : integer; 

g : file of byte; 

displayandtoggle : array[0..9] of byte; 


const 
{The display array contains the databyte for each display value} 
display : array[0..9] of byte =($3f,$06,$5b,$4f,$66,$6d,$7d,$7,$7f, $6f); 


begin 
assign (g, display.dat’); 
rewrite (g); 
for i:=0 to 9 do displayandtoggle[i]:=display[i]+$80; 


{Open the desired filename} 
{Include toggle bit} 


{Calculate readout} 
for m:=1 downto 0 do {Toggle led on and off addresses} 
{Maximum count is 31 63 } 
for i:=3 downto 0 do {i and j define the received IR address} 
for j:=9 downto 0 do 
begin 
if (i=3) and (j=9) then j:=1; 
for k:=6 downto 0 do 
for |:=9 downto 0 do 
{Calculate the four display bytes including the toggle bit} 


{k and | define the received IR key code} 


begin 
if (k=6) and (l=9) then |:=3; 
if m=1 then write (g,displayandtoggle|l]) 

else write (g,display([l]); 

write (g,display[k]); 
write (g,displayandtoggle|j]); 
write (g,display[i]); 

end; 

end; 


close (g); {Close the destination file} 
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shown. When analysing the program, 
bear in mind that the outputs of the IR 
receiver are active low. This means that 
counting has to be done backwards, 
that is, from 31 to O for the addresses, 
and 63 to O for the data, rather than in 
rising order, O to 31 and O to 63, re- 
spectively. In this way, many decoder 
variants may be implemented simply by 
adapting the EPROM contents as re- 
quired. The EPROM to implement the 
RC5 code readout is available ready- 
programmed through the Readers Ser- 
vices Reference 6261 (page 112). 

( A. Rietjens — 934029) 


Reference: 

1. Universal RC5 code infra-red 
receiver. Elektor Electronics January 
1992. 


COMPONENTS LIST 


Resistors: 

8 2209 R1-R8 
5 10kQ R9-R12;R14 
1 100kQ R13 

2 6-way100kQ SIL R15;R16 


Capacitors: 

t 10nF C1 

1 220uF 16V C2 

2 100nF C3;C4 


Semiconductors: 

4 BC557B T1-T4 
ULN2804 IC4 
74HCT139 IC2 
27128 EPROM 
(order code 6261; 
see page 110) IC3 

1 4060 IC4 


Miscellaneous: 

1 20-way straight box header K1 

4 HD11050 * LD1-LD4 

1 Enclusure Heddic 222 

1 Printed circuit board 934029 (see 
page 110) 


* Siemens product. ElectroValue, 28 St 
Jude’s Road, Englefield Green, Egham, 
Surrey TW20 OHB. Telephone: (0784) 
442253. Fax: (0784) 460320. 








he circuit consists essentially of two 

distinct parts. Arectangular-wave os- 
cillator, based on IC,, generates two sig- 
nals which may be phase-shifted be- 
tween 0° and 360° with respect to one 
another. The frequency of the signal at a 
supply voltage of 5 V is around 1 kHz 
and at a supply voltage of 12 V about 
1.4 kHz. 

The stage based on by-eight-counter/di- 
vider IC, provides eight signals, each of 
which is 45° out of phase with the pre- 
ceding and the following signal. 

The output of IC), may be shifted be- 
tween 50° and 250° with networks P),-Ry-C, 
and P),-Rjp-C3. Since the 0° signals may 
be inverted (which appears like a 180° 
shift) with IC; and Sy, the range 240°-80° 
is also covered with P, (via 360°=0°). The 
0° output at R; must not be confused with 
those at R and R, because (since IC, 
is a by-eight divider), the signals at the 
R, output and the other two differ in 
frequency by a factor eight. 

Each counter state of IC, is reached 
when the associated output (of eight) 
goes high. If the counter cycle is thought 
of as a circle (360°), each counter state 
corresponds to a phase angle of 45°. The 
eight output signals are obtained by con- 
necting four of the IC, outputs to the cir- 
cuit outputs via an OR gate for every 
subsequent step in the count cycle. In this 
way, the circuit output is a square-wave 
(duty factor 1:1).The OR gates are formed 
by D)—Dyg. No OR gate is required for pro- 
ducing a 0° signals, since that is already 
arranged by the carry output of IC, (CT>4) 
which is high only when the counter 
state is 24. 

The use of the circuit is enhanced by 
S, which allows the supply voltage to be 
switched between 5 V and 12 V. 

The current drawn by the generator 
is negligible. 

[L. Pijpers - 934015] 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


= A unique range of I ps cost data acquisition products for IBM PCs and compatibles. Installed in $ 
| seconds they simply plug directly into either the serial or parallel port. They are completely self 
| contained, require no external power supply and take up no expansion slots. 

| Each device comes with an easy to use software package (PicoScope, PicoLog or both). C, Pascal, 
| and Basic drivers are supplied for those who wantto develop their own software, as isa manual giving 
# full details of the hardware and software. All software eat se on 3.5" disk. 


Up to 24kHz sampling rate from g ' Software selectable single“ 
a386/33MHz machine : ended or differential inputs 


0-5V Input range z Resolution programmable 
BNC input connector allows $ between 8 and 16 bits + sign 
use of standard scope probes # +2.5V input range 

30V overload protection : 5V reference output 
Parallel port connection : Connects to serial port 
Includes PicoScope software @ Includes PicoLog software 


Single Channel 8 bit ADC £49 8 Channel 16 bit + sign ADC £99 F: 


, ADC-1 1 15Ksamplesper second : PicoScope 'Virtual instrument’ software ` 
; 0-2.5V Input range : mr r a] packageforthe ADC-10, ADC- 

MIRLO | BB | ttandape-12. 

D25 input connector = ” | . 

RY 30V overload protection E A Storage oscilloscope with 

Parallel port connection E p P S AAF trigger andtimebase. Traces 
Includes both PicoScopeand # O ba can be printed and saved. 
PicoLog software S Mea OOOO Multiple meters onscreen. Real 


; ® Scope,voltmeter, + 
,, 11 Channel 10 bit ADC 5 pe aint, time spectrum analysis. 


F ADC- 42 Upto 18kHz sampling rate 7 Pico Log  Collectsamplesfrom1permsto x 

Be 0-5V Input range ; one per day. Scale samples 
BNC input connector allows %¥ i linearly, by equation or by table 
use of standard scope probes : eft: look-up. Graphical (against 
30V overload protection oa A lee +! time or XY) andtext reports can 
Parallel port connection to be displayed, printed or 
Includes bothPicoScopeand # 
PicoLog software B  Advanceddata Picologisalso available forthe 


h Single Channel 12 bit ADC $ S logging software ADC-10: callfor details. 


Typical application - - - = PICO BENEFITS 
Oscilloscope _@ | © | @ | |_____ @30 day no quibble 
Voltmeter _@ | © | @ | @ |  imoneyback policy 
Spectrum analyser a -A ws = i ee 

Audio sampling D O e E oi a 
Chartrecorderemulation |__| © | | ©  @1yearsfreesoftware 
Temperature measurement © | @ | @ | @ | upgrades 
ae | @ Freetechnical support 
Automotive monitoring @ Freeuser newsletter 


Medical research es 3 
ame day di h 
Education y d spatc 


ae Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. CB37QJ. (gazes 
TEL: a a 211716 FAX: eve 211650 EN 
FAX fos : : ash pori All prices exclusive of Y. 


¥] es 
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ELECTRONIC FUSE 


ost modern voltage regula- 

tors have an integral cur- 
rent limiter. These are, unfortu- 
nately, normally provided with a 
thermal ‘fuse’, which in the first 
instance does not control the cur- 
rent but the dissipation. Since this 
type of fuse is very slow, in many 
applications a standard glass fuse 
is added to protect a number of 
components against over-cur- 
rent. Also, many small power sup- 
plies and mains adaptors have 
no short-circuit protection. During 
the design and testing of new 
equipment, this may have catas- 
trophic consequences. 

In all these cases, the fast elec- 
tronic fuse described here may 
be found of great value. The fuse 
is connected between the power 
supply output and the load. After 
it has ‘blown’, and the current 
has returned toa normal value, 
it can be reset with S}. 

Transistor T, and resistor R, form a 
6 mA current source that, together with 
zener diode D,, provides a constant volt- 
age of 5.6 V with respect to the +ve supply 
line. This gives the gate of T, a suffi- 
ciently high negative voltage to keep this 
p-channel MOSFET conducting. (and 


IRF9530 
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thus providing the link between power 
supply and load). 

When the load current rises to about 
1 A the potential drop across T;, D}, and 
part of P, reaches a level at which T; 
switches on, so that the gate-source junc- 
tion of T; is short-circuited. Diode D, 


then lights to indicate that the fuse 
has ‘blown’. In practice, the LED 
will already light dimly when the 
critical current is approached. 
The circuit is reset by pressing 
Si. 

With values as shown in the di- 
agram, the maximum load current 
is around 300 mA. The drop across 
T; is only 100 mV. Higher load 
currents may be accommodated 
by taking a higher rated p-chan- 
nel MOSFET for T, or connecting 
two or more FETs Type IRF9530 
in parallel. A heat sink is not needed, 
since the maximum dissipation 
does not exceed 40 mW. 

The LED should be a low-current 
type, as a current of only 6 mA is 
available. 

The circuit is calibrated by pro- 
viding a current into K, at the 
level at which the fuse should op- 
erate and then adjusting P) until 
the fuse ‘blows’. 

As already stated, other types of p-chan- 
nel MOSFETs may be used for T;. Note, 
however, that the lower the on-resis- 
tance of this transistor, the less precise 
the value of the load current at which 
the fuse will act. 

[J. Schadper - 934046] 


LOGIC LEVEL TESTER 


he tester shows on a seven-segment, 

common-cathode display whether 
its input is logic 1 (H on the display) or 
logic O (L on the display). An undefined 
level is indicated as ‘n’. 

When the input is low, T, is switched 
off and T, and T; conduct. This results 
in a high output at IC,, and a low one at 
IC, whereupon segment ‘d’ lights. Together 
with permanently actuated segments ‘e’ 
and ‘f, this causes an ‘L’ to be displayed. 

When the input is high, T) is on and 
T, and I, are off. The output of IC,, is 
then low and that of IC is high. Apart 
from segments ‘e’ and ‘f, ‘b’, ‘c’, and‘g’ also 
light, which causes an H to be displayed. 

When the input is undefined, or open, 
all transistors are on (because of R}, R 
and R). The outputs of IC}, and IC), are 
then both high, which causes segments 
‘a’, ‘b’ and ‘c to light together with ‘e’ 
and ‘f; an ‘n’ (no level) is then displayed. 

The buzzer is not essential, merely use- 
ful; it may thus be omitted. If it is used, 
it should be a type with integral oscilla- 
tor. 


T1,T3 = BC547B 
T2 = BC557B 
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The type of the components used is not 
critical. The display may be any seven- 
segment, common-cathode type. IC; may 
be a standard 7400 or an LS version of 
this or the open-collector version 7401; 
HC and HCT types are less suitable be- 
cause these cannot provide the required 
output current. 


The switching thresholds of the tester 
are at 1 V and 3 V, which is not stan- 
dard, but in practice they do well. The 
3 V threshold may be lowered slightly 
by increasing the value of R,. 

The input impedance of the tester is 
5 kQ, which has no effect on the circuit 
on test. 


The current drawn by the tester is 
determined by the type of display; in the 
prototype, it is about 60 mA. 

[Iyer Mahesh Nagajaran - 934042] 


ACTIVE BASS CORRECTION 


ctive loudspeakers offer the only way 
f obtaining good bass reproduction 
from inexpensive or small enclosures. The 
design described does not make use, 
therefore, of large, heavy enclosures to 
obtaion a good result, but of acoustic feed- 
back. A microphone placed in close prox- 
imity of the bass drive unit unfailingly 
registers every movement of the loud- 
speaker. It is, of course, important that 
proper attention is paid to the maximum 
movement of the speaker. 

The microphone output is coupled 
into the negative feedback loop of the out- 
put amplifier. In this way, the input sig- 
nal to the amplifier is compared with 
the acoustic signal produced by the speaker. 
In practice, this arrangement appears 
to work well only with low-frequency sig- 
nals. Experiments have shown that if 


IC2 = TLO72 
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the microphone is placed about 10 mm 
from the cone of the woofer, signals at 
frequencies of up to 500 Hz are fed back 
faithfully. To make absolutely certain of 
correct operation, in the present circuit 
the upper frequency has been set to 
300 Hz; above it, the correcting action 
gradually ceases. Note, however, that 
the phase behaviour of the loudspeaker 
is corrected also for signals above 300 Hz. 
Ifthe change-over frequency of the cross- 
over filter of the loudspeaker lies at 300 Hz, 
it is advisable to make the cut-off fre- 
quency ofthe present circuit, determined 
by Rg-Cy, lower than 300 Hz. 

The gain of IC, over the operating 
range of the circuit is 20 dB, which re- 
duces to 0 dB for frequencies above 300 Hz. 
This amplifier, which provides the cor- 
rection up to the cut-off point, also serves 
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as buffer for the microphone signal. 

Preset P, serves to set the signal level 
on the basis of the power rating of the 
outpu amplifier and the efficiency of the 
microphone. If this control is set too 
high, corection is also applied to fre- 
quencies above the cut-off point; if it is 
set too low, little correction will be applied 
and signals between 20 Hz and 300 Hz 
will increase along a standard 1st order 
characteristic. 

The choice of microphone is a matter 
of some experimentation, particularly with 
high-power amplifiers. That used in the 
prototype proved to work well with low- 
power systems with a relatively low effi- 
ciency. If another type is used, make 
sure that the potential across the mi- 
crophone is about half the supply volt- 
age. This is arranged by R; and Rg. Also, 
make sure that the cut-off point set by 
P,-C, remains well below 20 Hz (no sig- 
nal at P) results in an increase of the 
final amplification). 

The frequency up to which the micro- 
phone signal is compensated is deter- 
mined by R,-P;-Cy. This time-constant 
must be equal to R,-Cy. 

The present circuit can magnify fre- 
quencies down to 20 Hz by roughly 20 dB. 
Since most loudspeakers cannot cope with 
that frequency, the circuit includes a 3rd- 
order Butterworth section with a cut-off 
point of 37 Hz. This frequency may be 
altered by changing the values of C), ©, 
and C;. This filter prevents the loud- 
speaker being loaded with signals which 
it cannot reproduce. 

The correction circuit is of particular 
use with active loudspeaker systems. Make 
sure that the loudspeaker phase is shifted 
by 180° to prevent positive feedback. 
This may be done by adding an inverter- 
buffer before Ko. 

The circuit draws about +6 mA, of 
which only 0.25 mA is drawn by the mi- 
crophone. 

[T. Giesberts - 934068] 


UHF REMOTE CONTROL TRANSMITTER 


a low-power UHF FM transmitter 
is intended for remote control appli- 
cations such as garage doors and wire- 
less alarm systems. It is a single 
transistor design that operates at a fre- 
quency reserved for low-power wireless 
signalling. The operating frequency is 
determined by a resonator, Fl}. The fol- 
lowing types may be used: 


UK: Type R2528 for 418 MHz; 
USA: Type R1530 for 315 MHz; 
Holland, Belgium, Germany: Type 
R2554 for 433.92 MHz; 

France: Type R2523 for 224.5 MHz. 


The transmitter is frequency-modulated 
by an audio (or digital) signal applied to 
the junction of a varactors D}, Do via 
Rs. The varactors effectively change the 
shunt capacitance of the resonator asa 
function of the modulation signal, 
which results in FM. The design may be 
changed to produce AM (amplitude- 
modulation) by omitting components 
D,, Də, Ro, Rg and Rg, and intercon- 
necting points ‘A’ and ‘B’. 

Transistor T, is fitted at the solder 
side of the printed circuit board, as in- 
dicated by the dashed outline on the 


component overlay. Also on this side of 


the PCB is a short wire link (use silver- 
plated wire) that connects strip line in- 
ductor L, to the positive supply track 
that runs in parallel with it. The posi- 
tion of the wire link depends on the 
transmit frequency. The lower the fre- 
quency, the more inductance is re- 
quired, that is, the further the link has 
to be ‘moved’ towards the edge of the 
PCB. Some experimenting may be nec- 
essary to find the best position. Start by 
setting the trimmer, C3, about mid-way, 
and fit the wire link about ‘half way’ on 
the strip line. Monitor the received sig- 
nal, and adjust C, until a maximum is 
found. If you can not find a maximum, 
try moving the wire link either towards 


UHF REMOTE CONTROL 


ik receiver is intended primarily for 
use with the remote control UHF 
transmitter described in the preceding 
article. It is a super-regenerative type 
with an active RF amplifier, T}. The an- 
tenna signal is applied to the input in- 
ductor via a BNC socket, K,. The input 
circuit is tuned by trimmer C4. 

The amplified RF signal is applied to 
the input of the super-regenerative 
stage based on transistor Tj. Although 


D 
Q 
j E 


BB405 


i E 


see text 


BB405 


B) 





the transistor (smaller inductance), or 
towards the PCB edge (greater induc- 


tance). 
which Ca ‘peaks’ when set about mid- 
way. 

Since we are dealing with a UHF cir- 
cuit, it goes without saying that all 
component terminals must be kept as 


short as possible. The transmitter must 


be housed in a plastic enclosure to en- 


the oscillator is, strictly speaking, not 
tuned, it will lock on to the amplified RF 
signal applied via coupling capacitor 
C7. The low-frequency modulation com- 
ponent is extracted from the oscillator 
signal with the aid of low-pass filter, Re- 
C,,-R7-C\9-Rg-C)3. The signal level at 
the demodulator output is 50 to 
800 mV,,,, so that further amplification 
is required before the signal can be ap- 
plied to a digital input. 


The best position is that at 


PART LIST 


LED Smm red 


Miscellaneous: 
Ceramic resonator 
(see text).Fl1 ee 
Siver pated w wire 2 0. 8n mm n dia. 


go 00 By. 2000+ 
V £520; db 
Qaa Ons 


Dy 


m 
Lai 
4 Ke, seg | 
X 





able it to radiate. 
[J. Barendrecht - 914064] 


Note that radio regulations apply to the 
possession and use of this transmitter. 
In the United Kingdom, a licence must 
be obtained from the Department of 
Trade and Industry. [Editor] 


RECEIVER 


The inductors in the RF amplifier 
input and output are made from 1 mm 
dia. silver-plated wire. The length of the 
pieces of wire is indicated by the com- 
ponent overlay. The wires run at a 
height of about 3 mm above the board 
surface. Note that the stator terminal of 
C, is bent upwards and soldered direct 
to the input inductor. The same goes for 
junction Cg-C;, which is soldered ‘in the 
air', directly on to the hot end of the in- 
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ductor wire. 


Inductor L, consists’ of 
12 turns of 0.6-mm dia. enam- 
elled copper wire. Its internal di- 
ameter is 3 mm. 

Each of chokes L, and Ls con- 

i sists of 4 turns of 0.2-mm dia. 
-O enamelled copper wire through a 


16V 
= 3 mm long ferrite bead. 


R7 K2 


- ony ote) Capacitor Cg is a surtface- 


C11 C12 C13 Q 


mount technology (SMT) type 
which is fitted at the solder side 
í of the board, as are the BFG65 
see text , and the BF980. The type indica- 

i tion printed on the transistors is 
legible from the component side 
of the board. 

As indicated by the dashed 
lines on the component overlay, 
the super-regenerative section of 
the circuit must be screened 
from the rest. To do this, it is 
best to solder a 20 mm high tin 
plate box on to the PCB as indi- 
944118- 11 cated. 


: 1N4148 


[J. Barendrecht - 934118] 





PARTS LIST 


Resistors: 
 330k0Q 
- 150kQ 
6809 
-3k99 
 120kQ 
wa 
33kQ 
8k92- 


apacitors: 


Ca 
A 1. 470uF 16V radial 
® 8 380pF ceramic 
1 InF coffin-style 
leadiess ceramic 
3 2. 10pF trimmer 
i — 12pF ceramic 
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Inductors: 
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LEAD-ACID BATTERY CHARGER 


make sure that a lead-acid bat- 

tery (whether standard or sealed) 

is always fully charged, a constant 

voltage should be applied to it. 

Chargers that check whether the 

battery is still charged and only 

commence charging when it is 

(nearly) flat, do not guarantee that 

it is fully charged when it is re- 
quired in an emergency. 

The charger monitors the battery 
voltage constantly and tops up the 
charge if and when required. This 
has advantages and drawbacks. The 
battery is always fully charged, but 
it becomes sluggish, that is, it does 
not take the charge well. This ef- 
fect disappears after normal use 
(a few duty cycles). If the voltage is 
not too high (<13.8 V), the battery 
remains charged and will have a 
long life. It is not advisable to con- 
stantly apply a high voltage of, say, 14.4 V 
across the battery (this is in any case 
not necessary, because at 13.8 V it re- 
mains fully charged). The only reason 
for applying a high voltage (temporarily) 
is that this charges a flat battery quicker. 

Always use a commercially available 
charger: this meets safety requirements 
and is normally relatively cheap. A partly 
discharged battery may be connected to 
such a charger without any precautions. 

When the battery is fully charged, do 
not leave it connected to the charger, 
because that provides quite a high volt- 
age. It is then that the charger comes in 
handy. The voltage at which charging 
should cease is preset with P,. Turn the 
preset fully anti- clockwise and connect 
a voltmeter across the battery. The LED 
will not light. Turn P, slowly clockwise 
till the LED just lights: the battery is 
then being charged. When the battery 
voltage has reached the required value, 
turn P, slightly anti-clockwise until the 
LED goes out. This happens fairly grad- 
ually, so it is best to do this in semi- 
darkness if possible. 

The 723 is powered by the battery via 
D, (current about 10 mA). The internal 
reference voltage is reduced to 2.2 V by 
R and R,. This voltage is compared with 
the divided battery voltage at the wiper 
of P}. If it is lower, the output (pin 10) 
goes high, whereupon D, lights and the 
optoisolator switches on the thyristor. 
This results in the charger output being 
applied to the battery: the level of the 
current is determined by the charger. 
Since the output of the charger is an 
unfiltered, rectified alternating current, 
the thyristor will switch off at every zero 
crossing, but immediately switch on again 
if the battery voltage is not high enough. 

It is best to leave the monitor between 
the charger and the battery. Charging will 


TIC106 





then take a little longer because there is 
a loss of about 1 V across the thyristor. 
The thyristor must be mounted on a 
heat sink if the current exceeds 1 A; the 
maximum current must not exceed 5 A. 
The circuit may be built on the PCB 
illustrated. A large part of the board is 
occupied by the heat sink for the thyris- 
tor. For the four terminals that carry 
fairly high currents, use flat connectors 
that can be screwed on to the board 
The board may be fitted neatly ina 
small case for which a front panel foil is 
available—see p.110. 
[K. Walraven - 934033] 
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PARTS LIST 


Resistors: 
R1=4.7 KQ 

R2, R4=2.2 kQ 
R3, R7=10 kQ 
R5, R6=1 kQ 
P1=1 KQ preset 


Capacitors: 
C1=1 nF 
C2=100 uF, 25 V 


Semiconductors: 
D1=LED, 3 mm, red 
D2=1N4001 
Thi=TIC106 
IC1=CNY17-1 
IC2=CA723 


Miscellaneous: 

Heat sink for Th1,e.g., SK59 

4 flat connectors with screw fitting 
1 case 95x60x24 mm (3°/;x2°/sx1 in) 
PCB Type 934033 

Front panel foil Type 934033-F 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


MICROWAVE CONTROL PANEL. Mains operated, with touch 
switches. Complete with 4 digit display, digital clock, and 2 relay 
outputs one for power and one for pulsed power (programmable). 
Ideal for all sorts of precision timer applications etc. Now only £4. 00 
ref 4P151. Good experimenters board. 

FIBRE OPTIC CABLE. Stranded optical fibres sheathed in black 
PVC. Five metre length £7.00 ref 7P29R or £2 a metre. 

12V SOLAR CELL. 200mA outputideal for trickle charging etc. 300 
mm square, Our price £15.00 ref 15P42R_ Gives up ` 
to 15v. ; 
PASSIVE INFRA-RED MOTION SENSOR. —_ 
Complete with daylight sensor, adjustable lights an 

timer (8 secs -15 mins), 50° range with a 90 deg bags 
coverage. Manual overde facility, Complete with .« | See fet 
wall brackets, bulb holders etc. Brand new and œ- ; 
guaranteed. Now only £19.00 ref 19P29 

Pack of two PAR38 bulbs for above unit £12.00 ref 
12P43R 

VIDEO SENDER UNIT. Transmit both audio and video signals 
from either a video camera, video recorder or computer to any 
standard TV set within a 100' range! (tune TV to a spare channel). 
12v DC op. £15.00 ref 15P39R Suitable mains adaptor £5.00 ref 
5P191R. Turn your camcorder into a cordless camera! 

FM TRANSMITTER Housed in a standard working 13A adapter 
(bug is mains driven). £26.00 ref 26P2R. Good range. pues 
MINAT URE RADIO TRANSCEIVERS. A pair of walkie f zi he 
talkies with a range of up to 2 kilometres. Units measure "hes haa 
22x52x 155mm. Complete with cases and earpieces. £30.00 y i | | 
ref 30P12R NEA 

FM CORDLESS MICROPHONE. Small hand held unit 

with a 500' range! 2 transmit power levels. Reqs PP3 battery. 
Tuneable to any FM receiver. Our price £15 ref 15P42AR. 

12 BANDCOMMUNICATIONS RECEIVER. 9 shortbands, ii) 
FM, AM and LW DX/local switch, tuning 'eye' mains or battery. eeu: 
Complete with shoulderstrap and mainslead.£19 ref 19P14R. 

ideal for listening all over the word. 

CAR STEREO AND FM RADIO. Low cost stereo system giving 

5 watts per channel. Signal to noise ratio better than 45db, 

wow and flutter less than 35%. Neg earth. £19.00ref 19P30 | 
LOW COST WALIKIE TALKIES. Pair of battery operated n a 


units with a range of about 200". Our price £8.00 a pair ref 
8P5OR. Ideal for garden use or as an educational toy. 
7 CHANNEL GRAPHIC EQUALIZER plus a 60 watt power amp! 
20-21KHZ4-8R 12-14v DC negative earth. Cased. £25 ref25P14R. 
NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref 
4P44R. 2x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3 
£6.00 ref BP35R Pack of 10 AAA,s £4.00 ref 4P92R. 
TOWERS INTERNATIONAL TRANSISTOR SELECTOR 
GUIDE. The ultimate equivalents book. New ed. £20.00 ref 20P32R. 
GEIGER COUNTER KIT. Complete with tube, PCB and all compo- 
nents to build a battery operated geiger counter. £39.00 ref 39P 1R 
FM BUG KIT. New design with PCB embedded coil. Transmits to 
any FM radio. Ov battery req'd. £5.00 ref 5P158R, 35mm square. 
FM BUG Built and tested superior 9v operation £14.00 ref 14P3R 
COMPOSITE VIDEO KITS. These convert composite video into 
separate H sync, V syne and video. 12v DC. £8.00 ref 8P39R. 
SINCLAIR C5 MOTORS. 12v 29A (full load) 3300 rpm 6"x4" 1/4" 
O/P shaft. New. £22.00 ref 20P22R. Limited stocks. 
As above but with fitted 4 to 1 inline reduction box (800rpm) and 
toothed nylon belt drive cog £45.00 ref 40P8R. 800 rpm. 
ELECTRONIC SPEED CONTROL KIT .forC5 motor. PCB and all 
components to build a speed controller (0-95% of speed). Uses 
pulse width modulation, £17.00 ref 17P3R. Potentiometer control. 
SOLAR POWERED NICAD CHARGER. Charges 4 AA 
nicadsin 8 hours. Brand new and cased £6.00 ref 6P3R. 2xC 
cell model £6.00. Ñ 
ACORN DATA RECORDER ALF503. Made for BBC 
computer but suitable for others. Includes mains adapter, leads and 
book. £15.00 ref 15P43R 
VIDEO TAPES. Three hour superior quality tapes made under 
licence from the famous JVC company. Pack of 10 tapes New low 
price £15.00 ref J15P4 

PHILIPS LASER. 2MW HELIUM NEON LASERTUBE. BRAND 
NEW FULL SPEC £40.00 REF 40P10R. MAINS POWER 
SUPPLY KIT £20.00 REF 20P33R READY BUILT AND 
TESTED LASER IN ONE CASE £75.00 REF 75P4R. 

12 TO 220V INVERTER KIT. As supplied it will handle up to about 
15w at 220v but with a larger transformerit will handle 80 watts. Basic 
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R. 
WIND UP SOLAR POWERED RADIO! FM/AM Radio takes 
rechargeable batteries. Complete with hand charger and solar 
panel. £14.00 REF 14P200RA. 

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10 
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R. 
FRESNEL MAGNIFYING LENS. 83 x 52mm £1.00 ref BD827R. 
12V 19A TRANSFORMER Ex equipment £20 but OK. 
POWER SUPPLIES Made for the Spectrum plus 3 give +5 @ 
2A, +12 @700mA & -12 @ 50mA. £8 ref Q8P3 

UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and 
PP3 nicads. Holds up to 5 battenes at once. New and cased, mains 
operated. £6.00 ref 6P36R. 

IN CAR POWER SUPPLY. Plugs into cigar socket and gives 
3,4,5,6,7.5,9, and 12v outputs at 800mA. Complete with universal 
spider plug. £5.00 ref 5P 167R. 
QUICK CUPPA? 12y immersion heater with lead and cigar lighter 
plug £3.00 ref 3P92R. Ideal for tea on the move! 

LED PACK . 50 red, 50 green, 50 yellow all 5mm £8.00 ref 8P52 
MINIMUM GOODS ORDER £5.00. TRADE ORDERS 
FROM GOVERNMENT, SCHOOLS, UNIVERSITIES 
& LOCAL AUTHORITIES WELCOME, ALL GOODS 
SUPPLIED SUBJECT TO OUR CONDITIONS OF 
SALE AND UNLESS OTHERWISE STATED 
GUARANTEED FOR 30 DAYS. 

RIGHTS RESERVED TO CHANGE PRICES & 
SPECIFICATIONS WITHOUT PRIOR NOTICE. 
ORDERS SUBJECT TO STOCK. QUOTATIONS 
WILLINGLY GIVEN FOR QUANTITIES HIGHER 
THAN THOSE STATED. 
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THIS MONTHS 


SPECIAL OFFERS 


AMSTRAD MP3_#19,00 





VHF/UHF TV Receiver,converts RGB or 
composite monitor into colour TV. Brand new 
and cased. #19.00 each. REF: ELI9P1 


MAINS CABLE WITH PLUG from 
30p each 


You can have a 2 Mtr length of mains cable with a 
fitted 13A plug (with sleeved pins) for just 30p! 
Minimum quantity: PKT 10 #3.00 REF: EL3P1 
or you can have PKT 100 #27.00 REF: EL27P2 


CORDLESS PHONES (non working) 
#30.00 for 3 


These are BT Curlews. They are not new and 
have been stored in sunlight so the plastic cases 
are discoloured. They also have handset aerial 
missing. This is a standard telescopic aerial - 
piece of wire will do! These are NON 
RETURNABLE. 

PKT 3 for #30.00. REF: EL30P1 


ANSWER PHONES from only 
#18.00 


Yes its true BT approved push button dialling. 
These are customer returned units and have two 
faults. We will supply you with a chip to cure one 
of the faults then you have to sort out the other 
problem! NON RETURNABLE. 


Price #18.00 each REF: EL18P2 
or #60.00 PKT 4 REF: EL60P2 


ANSWER PHONES - HIGH SPEC 
LCD DISPLAY 








Once again, BT approved push button dialling 
answerphones, LCD display, digital speech chip, 
fast rewind, memories plus all the features found 
on a BT Response 400 machine. Again, we will 
supply you with a chip to cure one of the faults 
then you have to sort out the other problem! 
NON RETURNABLE. 


Price #28.00 each REF: EL28P2 
or #100.00 PKT 4 REF: ELIOOP1 


POWER SUPPLIES for ANSWER 
PHONES aboy 


If you need a DC plug in power supply for the 
above answer phones they are #4.00 each, 
Price #4.00 each REF: ELAPS 

or #12.00 PKT 4 REF: EL12P1 





SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 


BULL ELECTRICAL 


250 PORTLAND ROAD HOVE SUSSEX 
BN3 5QT POIR 

MAIL ORDER TERMS: CASH PO OR CHEQUE 

WITH ORDER PLUS £3.00 POST PLUS VAT. 


. PLEASE ALLOW 7 ~ 10 DAYS FOR DELIVERY 


TELEPHONE ORDERS WELCOME gem 
TEL: 0273 203500 -| WA 
FAX: 0273 323077 Bees 
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PC CORNER 


286 PC PACKAGE 


286 PC with Imb RAM 
MONO MONITOR 
102 KEYBOARD 
| FLOPPY DRIVE 
40MB HARD DRIVE 
DESKTOP CASE 


COMPLETE SYSTEM 
READY TO GO 


OUR PRICE JUST 
£299.00 ! 


PC CASES Desktop case +psu £51.60 ref BPCC1, Deluxe slimline 
case +psu £60.00 ref BPCC2, Minitower case +psu £51.60 ref 
BPCC3, Deluxe midi case +psu £90.00 ref BPCC4. 
MONITORS Mitac 14" SVGA .39DP £174 ref BPCMO2, Mitac 14” 
SVGA .28DP £202 ref BPCM01. 
MEMORY 256K Simm 70ns £8.40 ref BPCMI1, 1MB Simm 70ns 
£26.40 ref BPCMI2, 4MB Simm 70ns £96 ref BPCMI3 
MICE 2 button serial mouse with 3.5" s/ware. £8 40 ref BPCMI6, 
3button serial mouse with 3.5" s/ware £9.60 ref BPCMI7. 
KEYBOARDS 102 AT UK standard keyboard £18.60 ref BPCMI4, 
Deluxe keyboatd 102 AT UK £26.40 ref BPCMIS5. 
SOFTWARE MS DOS V5 OEM version. £39.60 ref BPCMJ2, MS 
WINDOWS V3.1 OEM version. £42 ref BPCMI9. 
MOTHERBOARDS 286-16 Headland chipset£46.80 ref BPCMB1, 
386SX-33 Acer chipset £82.80 ref BPCMB2, 386SX-40 UMC with 
64K cache £110 ref BPCMB3, 486SX-25 UMC with 64k cache £191 
ref BPCMB4, 486DX-33 UMC with 256k cache £378 ref BPCMBS5, 
486DX-66 UMC with 256k cache £515 ref BPCMB6. 
FLOPPY DRIVES 1.44mb 3.5" drive £32.34 ref BPCDDO5, 1.2MB 
5.25" drive £38.40. 3.5" mounting kit £5 ref BPCDDO7. 
HARD DRIVES 42MB IDE 17ms £99 ref BPCDDO1, 89MB IDE 
16ms ref BPCODO2, 130MB IDE 15ms £215 ref BPCDDO3, 213MB 
IDE 14ms £298 ref BPCDDO4. 
VIDEO CARDS 256k C&T 8 bit SVGA card £19.20 ref BPCVC01, 
512k Trident 9000 16 bit SVGA card £31.20 ref BPCVCO02, 1MB 
Trident 8900 16 bit SVGA card £45 ref BPCVCO3, 1MB Cirus 
AVGA3 16.7M colours £48 ref BPCVC04, 1MB Tseng multimedia 
£82.80 ref BPCVCO5. 
ADD ON CARDS Multi I/O card 2 serial, 1 parralel, 1 game, 2 floppy, 
2 IDE hard drives. £11 ref BPCAOCO1, ADLIB sound card with 
speakers£37 ref BPCAOC02, Orchid sound card with speakers £63 
ref BPCAOCO3. 

EXAMPLES OF COMPLETE SYSTEMS 
386SX-33 SYSTEM 
386SX-33 board at £82.80, case £51.60, 2MB ram £52.80, 42MB 
drive £99, 512SVGA card £31.20, 3.5" FDD £32.34, multi /O card 
£11 SVGA colour monitor £174, 102 kboard, £25 build fee if re- 
quired. Total £579.34 
486DX-33 SYSTEM 
486Dx-33 board £378, case £51.60, 2MB ram £52.80, 89MB drive 
£166, 512 SVGA card £31.20, 3.5" FDD £32.34, multi /o card £11, 
SVGA monitor £174, 102 k/board £18.60, £25 build fee if required. 
Total £939.84. 
ALL PC PARTS AND SYSTEMS ARE GUARANTEED FOR 1 
YEAR PARTS AND LABOUR. 


IN SUSSEX? CALL IN AND SEE US! 





TURN YOUR SURPLUS STOCK INTO 
CASH. IMMEDIATE SETTLEMENT. 
WE WILL ALSO QUOTE FOR : 
COMPLETE FACTORY CLEARANCE. 











MUCH MUCH MORE IN OUR 1993 
CATALOGUE. PLEASE SEND 4IP, A4 
SIZED SAE FOR YOUR FREE COPY. 
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EMC TESTING OF PMR EQUIPMENT 


(1) Introduction 


The European Community (EC) Directive 
89/336 on electromagnetic compatibility 
(EMC) applies to radiocommunications equip- 
ment. It was believed that the directive would 
assist in the removal of barriers to trade 
by having common standards throughout 
the EC. This remains to be seen, but the 
directive is coming into force and its re- 
quirements must be followed. The purpose 
of this article is to review some of the main 
tests which, in due course, will become 
mandatory. The comments are purely per- 
sonal and the reader is referred to the di- 
rective and associated specifications for 
the exact position. 

Before introduction of the directive, type 
approval tests on equipment for radiocom- 
munications consisted mainly of performance 
tests. For example, Performance Specification 
MPT 1326 refers to the testing for voice com- 
munications of analogue equipment using 
angle modulation. The various tests are 
listed in Appendix 1. There are six trans- 
mitter and eight receiver tests which are in- 
tended to maintain a basic operating stan- 
dard for fixed, mobile and handportable 
units. The individual tests refer to specific 
operating conditions and parameters are 
designed to assess the general quality ofa 
unit. In order to obtain type approval, a unit 
must pass every test. In the case of EMC 
testing, it is not the quality of a radio as a 
radio which is in question, but its overall 
compatibility with other services — either 
other radio, telecommunications or ISM 
equipment. For example, in the future, a 
handportable unit must be tested to ETSI 
Specification 300-086 (Appendix 2) cover- 
ing the various performance tests for the 
type approval of radiocommunications equip- 
ment. However, in order to comply with 
the directive, it must also be tested to ETSI 
Specification ETS RES 0901, which covers 
the EMC tests. This is a new draft stan- 
dard and the tests are discussed in Sections 
4 and 5. The principal difference between 
the two standards is that EMC refers to com- 
patibility requirements between different 
services. If a unit passes the EMC tests, 
the official CE mark in accordance with 
Article 10 of 89/336 may be affixed. If it 
satisfies both specifications, it meets the re- 
quirements for full type approval. 

To some extent, the directive cuts across 
traditional methods of type approval. Orig- 
inally, radiocommunications equipment 
had to be type approved separately in every 
country of the Europen Community. Although 
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the specifications in each state could be very 
similar, they were still separate standards 
in their own right with their own docu- 
ments. In some countries the official govern- 
ment publications describing the tests were 
actually legal documents. ETSI standards 
have changed this tradition because the new 
spcifications are harmonized. The same spec- 
ification will apply throughout the EC. Ifa 
unit is type tested and approved in a mem- 
ber state, then it is approved for all coun- 
tries of the EC. 

The various EMC tests required by ETSI 
Specification ETS RES 0901 are explained 
in Sections 2—5. The reader should consult 
the specification for the exact position and 
the comments in this article are purely 
personal. 


(2) Performance criteria 


A unit must operate in the frequency range 
30 MHz to 1 GHz. The tests are divided 
into two categories: emission and immunity. 
A unit on test must be in the operating 
mode. In emission (Fig. 1), the signals from 
the unit are measured. These are non-func- 
tional signals in the sense that they are 
not intended to be specific emissions due 
to the fact that the unit is radio equipment. 
In immunity (Fig. 2), the unit is placed in 
an environment where it would experience 
large external signals which could disrupt 
or block its operation. Again, the external 
signals need not be functional for radio- 
communications but simply large electro- 
magnetic fields. It should be noted that 


AC Mains Power 


Environmental 
Chamber 
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Test Receiver 


Fig. 1. Emission tests.Emissions may 
be by conduction via cables or by ra- 
diation. The tests are carried out in 
an anechoic chamber to reduce ex- 
ternal effects. The measuring appa- 
ratus is normally outside the chamber. 
If the cable from the output to the re- 
ceiver is replaced by 2 antennas, the 
method is for radiation. 





emission and immunity for EMC are not the 
exact equivalent of transmitter and re- 
ceiver tests for performance. A receiver 
must be tested for performance as well as 
immunity. Similarly, a transmitter must un- 
dergo immunity tests. For both categories, 
the assessment for compatibility examines 
the quality of the detected audio signals and 
requires that a communication link be- 
tween a unit and test equipment should be 
maintained during each test. There are 
four main criteria for the full range of tests 
as follows. 


(a)Continuous phenomena applied to ana- 
logue transmitters: the detected audio 
signals should not be distorted by more 
than 25%. Controls should be serviceable 
and stored data should not be affected. 
If a transmitter has a standby mode, 
transmission should not be actuated. 

(b)Transient phenomena applied to ana- 
logue transmitter: after each transient, 
a unit should return to normal opera- 
tion with no permanent degradation. 
Controls should be serviceable and stored 
data should not be affected. If a trans- 
mitter has astandby mode, transmission 
should not be actuated. 

(c) Continuous phenomena applied to ana- 
logue receivers: the detected audio sig- 
nals should not be distorted by more 
than 25%. A unit should continue to op- 
erate without loss of controls or stored 
data. If a unit is a transceiver, trans- 
mission should not be actuated. 

(d)Transient phenomena applied to ana- 


Distortion Meter 


audio output 


AC Mains Power 


RF input 
Environmental 
Chamber 
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Signal Generator 


Fig. 2. Immunity tests. This arrangement is to 
test wideband spurious responses in a re- 
ceiver by conduction via an r.f. cable to the input 
terminal. The signal source and test instrument 
are outside the chamber. 
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logue receiver: after each transient a unit 
should continue to operate normally 
with no permanent degradation. Controls 
and stored data should not be affected 
or altered. If a unit is a transceiver, 
transmission should not be actuated. 


It should be emphasized that these crite- 
ria are not a restatement of performance 
conditions for PMR equipment. For exam- 
ple, in the case of transmitters, the test for 
spurious emissions outside the designated 
channels is not an EMC test (see Appendix 5). 


(3) Test methods 


All tests must be carried out in the opera- 
tion mode. In certain cases, tests are re- 
peated in the standby mode. If a unit forms 
part of a system (for instance, installed in 
a host unit), all tests must be undertaken 
on the system with an adequate number of 
sub-systems installed — at least to the ex- 
tent to ensure operation of the ports. If a 
handportable or mobile is powered by a.c. 
mains, the tests and limits for a base sta- 
tion apply. If a portable unit is powered by 
a battery in a vehicle, the tests and limits 
for vehicular equipment are used. These 
points are discussed further in Sections 4 
and 5. 

Ifaunit has a large number of terminals, 
an adequate number should be used for 
the various tests to ensure that operational 
conditions are properly simulated. Input 
or output ports for radio frequency signals 
must be terminated to avoid radiation (for 
instance, by direct connection to dummy 
non-radiating loads). For equipment of a 
highly specialized application, the specifi- 
cation can be modified provided that the cri- 
teria of Section 2 are followed. However, 
the new version must not result in a lower 
level of immunity and the manufacturer 
must declare the amount of degradation 
as required by the standard. All tests are 
carried out within the normal operating ane- 
choic range and at the rated supply volt- 
age. The following points are of special im- 
portance. 


(a)The term ‘normal test modulation’ means 
that the modulating signal is a 1 kHz 
audio tone at a level to produce 67% of 
maximum frequency deviation (2.5 kHz 
for PMR equipment). In certain situa- 
tions (for instance, voice communica- 
tion between ATC and aircraft) where 
AM is still in use, a modulation depth 
of 60% is specified. 

(b)For immunity tests: a communication 
link between the unit and test equipment 
must be established at the start of every 
test and maintained throughout the du- 
ration. A transmitter is operated at the 
maximum output power. For a receiver, 
the input signal is modulated as in (a) 
above. For a transceiver on duplex op- 
eration (Appendix 2 on additional per- 
formance tests), the input signal for the 
receiver is modulated as in (a) and the 
transmitter operated at maximum power 
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with modulation applied. 

(c) For transmitter tests: an exclusion band 
of 25 kHz extends around the nominal 
carrier frequency. The audio signal can 
be generated internally or externally pro- 
vided that the modulation is as per (a). 
The output is connected directly by r.f. 
cable to test equipment located outside 
the chamber. If the unit has an integral 
antenna an no external connector, a re- 
ceiving antenna installed within the 
chamber replaces the direct connection. 

(d)For transceiver and receiver tests: an ex- 
clusion band is determined by the switch- 
ing range in accordance with the man- 
ufacturer’s specification as follows. The 
Lower Limit is the lower limit of the 
switching range minus 5% of centre fre- 
quency or 10 MHz to give the minimum 
value. The Upper Limit is the upper 
limit of the switching range plus 5% of 
centre frequency or 10 MHz to give the 
maximum value, 

(e) For receiver tests: the signal source is 
located outside the chamber and con- 
nected directly by r.f. cable to the receiver 
input. The level must be 60 dB above 
the level of minimum sensitivity. For 
example, ifthis thresholdis6dBuV emf, 
the level should be 66 dB uV emf. Ifa unit 
has an integral antenna with no exter- 
nal connector, a transmitting antenna 
installed in the chamber replaces the 
direct connection. The audio output is 
connected via a non-metallic acoustic tube 
to a distortion meter outside the cham- 
ber. Other arrangements may be used, 
but must not reduce the accuracy of the 
test. 

(f) In the case of receivers and transceivers 
on duplex operation, the unit may have 
a response to an unwanted signal which 
results in distortion at the output. This 
is partly covered by the performance 
tests for Spurious Response Rejection 
(see Appendix 6). However, it could be 
due to wideband phenomena, which would 
come under EMC, and it is necessary to 
distinguish between these two differ- 
ent effects. If a response occurs to an 
unwanted signal, its frequency is in- 
creased by twice the bandwidth of the 
intermediate frequency stage before the 
demodulator. The frequency is reduced 
by the same amount and the test re- 
peated. If the distortion is removed in 
both situations, the response is consid- 
ered to be of the narrowband variety. If 
it continues, the frequency is increased 
or decreased as appropriate by 2.5 times 
the bandwidth. If it still persists, the 
response is deemed to be caused by wide- 
band phenomena andthe EMC test stan- 
dards are applied. Narrowband responses 
come under performance and not EMC 
testing. 


(4) Emission tests 


There are three tests as follows. In each test, 
the measuring instrument, which is a re- 
ceiver, must have a certain level of perfor- 
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mance to ensure accuracy. CISPR Publication 
16, Section 1, gives a detailed breakdown 
of the receiver characteristics. 


(a)Enclosure This refers to the emission, 
by either conduction or radiation, of sig- 
nals in the range 30 MHz to 1 GHz gen- 
erated within the unit. The test is not 
required where the performance speci- 
fication (Appendices 1 and 2) has tests 
for spurious emissions (Appendix 5) from 
the transmitter and from the receiver. 
Consequently, it does not apply to PMR 
equipment. It would apply to associated 
apparatus such as encoders which are 
not installed within the transceivers, but 
connected externally as separate units. 
The electric field strength, generated 
from inside the unit, is measured at a dis- 
tance of 10 metres and must be less than 
30 dB uV m! for the range 30 MHz to 
230 MHz and 37 dB uV m- between 
230 MHz and 1 GHz. 

(b)DC ports This test refers to input or out- 
put ports provided that the voltage is 
direct. Each port on a unit is tested in 
turn with the particular port on test, con- 
nected as in Fig. 4 and the other ports 
terminated into a 50 Q dummy load. 
Measurements are made with two meth- 
ods of detection (Appendix 3) with the 
limits 


Frequencyrange Quasipeak Average 
150 kHz-500 kHz 79 dB uV 66 dB uV 
500 kHz - 30 MHz 73 dB uV 60 dB uV 


Note that the averages are smaller than 

the quasi peak measurements. 

(c) AC mains power ports This test is 
for base and fixed mobiles. It examines 
the presence ofinternally generated sig- 
nals from the unit on the a.c. power 
input terminals. Measurements are made 
with the two methods of detection and 
the limits are: 


Frequency range Quasi-peak Average 
150 kHz-500 Khz 61+5dBuV 5l+5 dB uV 
500 kHz-5 MHz 56 dB uV 46 dB uV 
5 MHz-30 MHz 60 dB uV 50 dB uV 


(5) Immunity tests 


There is a total of eight tests as follows. 
The first two apply to all PMR equipment 
whether fixed or mobile. In a short article 
it is not possible to analyse the individual 
tests to any extent. However, it suffices to 
state that the criteria of Section 2 have 
been followed in the design of the tests and 
interpretation of the results. 


(a) Electrostatic discharge This assesses 
the capability of a unit to continue to op- 
erate in the presence of an electrostatic 
discharge applied to exposed surfaces. The 
only part ofasurface which is exempt from 
the testis the centre pin of anr.f. connector. 
Test levels are 4 kV for a contact dis- 
charge and 8 kV for an air discharge. 

(b) EM Field 80 MHz to 1 GHz This asses 
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the capability of a unit to continue to 
operate in the presence of a large exter- 
nal electromagnetic field. The field strength 
is 3 V m! and the test is performed over 
the full range with the exception of the 
exclusion band (see Section 3). The in- 
terfering field is a functional signal for 
radiocommunications in that it is mod- 
ulated by a 400 Hz tone toa depth of 80%. 

(c) Radiofrequency Common Mode This 
test applies to base and mobiles, but 
not to handportable stations. It is per- 
formed on signal and d.c. power ports 
where the attached cables are longer than 
2 metres and on a.c. power ports. It is 
different from (b) in that the interfer- 
ing signal, modulated by a 400 Hz tone 
to a depth of 80% as in (b), is present at 
the ports. The frequency range is 150 kHz 
to 80 MHz with the exception of the ex- 
clusion bands (see Section 3). 

(d)Fast transients Common Mode This 
test applies to base and fixed mobiles. 
It is performed on signal and d.c. power 
ports where the attached cables are longer 
than 3 m and on a.c. power ports. It ex- 
amines the ability of a unit to operate 
in the presence of fast transients at the 
ports. For signal and a.c. ports, the tran- 
sient is a 1 kV open-circuit voltage. For 
an a.c. mains power, it is 2 kV. For the 
power ports, the transients are applied 
in parallel to all wires of a cable with 
reference to the cabinet ground. 

(e) Voltage Dips and Interruptions This 
applies only to base and fixed mobile sta- 
tions where a.c. mains power is in use. 
It examines the ability of a unit to con- 
tinue to operate following dips and in- 
terruptions at the a.c. input ports. The 
voltage level is reduced by 50% for 100 
milliseconds and by 95% for 500 mil- 
liseconds. There is provision for a situ- 
ation, albeit unlikely, where a mobile or 
handportable is powered solely by a.c. 
power with no battery back-up. The test 
is carried out, but the communication 
link, as per the criteria of Section 2, 
need not be maintained. 

(f) Transients Common and Differential 
Mode This only applies to base and 
fixed mobile stations. A unit must con- 
tinue to operate following the presence 
of transients on the a.c. input ports. The 
transients are a 1 kV and 0.5 kV open- 
circuit voltage for common and differ- 
ential modes respectively and are applied 
in parallel to all wires in a cable with 





reference to the cabinet ground. 

(¢) Transients and Surges in Vehicles. 
This applies to mobiles and handporta- 
bles intended for installation or opera- 
tion from within a vehicle. Transients 
and surges on the d.c. power input ports 
must not disrupt operation of a unit. 
The specification has two tables depending 
on whether a unit is connected directly 
to a vehicle’s battery. 

(h)Voltage Variation. This test is not re- 
quired if an equivalent test is specified 
by the performance standard. Ifrequired, 
the test is carried out on d.c. input ports 
which are not connected to dedicated 
uninterruptable power supplies. For PMR 
equipment, it is not usually needed. For 
example, ETSI Specification 300-086 
(Appendix 2) requires tests to be under- 
taken at normal and extreme conditions 
where the supply voltage is varied by 
+10%. 


(6) Summary 


This article examines the EMC requirements 
for PMR equipment. Further standards 
for specific areas will be introduced in due 
course. It should be noted that the article 
refers to radiocommunications and not to 
telecommunications equipment intended 
for connection to the public telephone net- 
work. EMC tests for telecommunications 
equipment are required by the directive, but 
are covered by separate specifications. It 
has been agreed that in cases of overlap 
the more stringent of the standards will 
apply. 

Although the directive refers to type ap- 
proval, there is provision in Article 6 for 
the protection of communications equipment 
which is experiencing interference owing 
to electromagnetic incompatibility in an op- 
erational situation. Indvidual administra- 
tions, in order to overcome interference to 
an emergency service at a specific site, may 
impose additional requirements. This is the 
only case where the directive permits ad- 
ditional protective measures which are not 
part of the standards of Article 4. An in- 
teresting point is that since the directive 
and, therefore, Article 6 refer only to com- 
patibility, interference, which is caused by 
an inadequate performance specification 
(for instance, levels of spurious emissions), 
is not automatically covered. However, this 
is unlikely to cause serious problems. 

The foregoing comments are purely per- 
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sonal and readers are referred to the di- 
rective and specifications. Not all relevant 
points are included as the article is in- 
tended as an overview. 
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Appendix | 


The tests under normal conditions in 
Performance Specification 1326 are as fol- 
lows. 


Transmitter 

1. Frequency error: +1 kHz for a base or 
fixed station; 
+1.5 kHz for a mobile station. 

2. Carrier power: +1.5 dB of rated value. 

. Frequency deviation: +2.5 kHz. 

4. Adjacent channel power: 60 dB or more 
below carrier power. 

5. Spurious emissions: 1 uW (max) in 
operating mode for a base or fixed 
station; 

2.5 uW (max) for a mobile station; 
20 nW in standby mode for a base 
or mobile station. 

6. Intermodulation attenuation: 15 dB or 
more for any intermodulation com- 
ponent. 


Go 


Receiver 

7. Sensitivity: SINAD of 20 dB or higher for 
an input of 6 dB uV e.m.f. 

8. Amplitude response: variation of 3 dB 
or lower in the audio level for in- 
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Fig. 3. Quasi-peak detector. The circuit performs a weighted Fig. 4. Line Impedance Stabilizing Network (LISN). 


peak measurement. 
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puts at 6 and 100 dB uV e.m.f. 

9. Co-channel rejection: —12 dB (min). 

10.Adjacent channel selectivity ratio: 60 dB 
(min). 

11. Intermodulation response rejection 
ratio: 70 dB (min) for a base or 
fixed station; 
65x dB (min) for a mobile station. 

12. Spurious response rejection ration: 70 dB 
(min). 

13. Blocking: 90 dB uV e.m.f. (min). 

14. Spurious emissions: 2 nW (max). 


Appendix 2 
ETSI Specification 300-086 


This specification is for analogue speech 
equipment very similar to MPT 1326. Recently, 
anumber of standards have been introduced 
for digital modulation where the speech sig- 
nals are represented in digital form (for 
instance, speech codec for GSM and DSRR), 
but 300-086 is for angle modulation. There 
are three additional tests as follows. 


1. Transmitter Transient Behaviour 
This is the variation in frequency from 
the nominal value with time when trans- 
mission is actuated and deactuated. The 
standard has a table for the difference 
for three time intervals. 

2. Receiver Desensitization in Duplex 
Operation This is similar to blocking, 
but in duplex operation a unit can be 
transmitting and receiving simultane- 
ously. The sensitivity test is repeated 
while the unit is also transmitting with 
modulation applied. 

3. Receiver Spurious Response Rejection 
in Duplex Operation The test for spu- 
rious response rejection is repeated while 
the unit is also transmitting an unmod- 
ulated carrier. The ratio should be at least 
67 dB. 


Appendix 3 
Quasi-peak and average 
detection 


EMC tests are made in accordance with 
CISPR recommendations and require quasi- 
peak and average measurements of signal 
levels. 

Figure 3 illustrates the principle for 
quasi-peak. The operational amplifier pro- 
vides the necessary gain. The purpose of the 
diode is to ensure that the voltage acrosss 
capacitor C does not fall as the input moves 
down from a maximum. However, although 
the capacitor charges up to a maximum 
through R}, it does not remain at this value 
owing to the effect of R). These are charg- 
ing and discharge resistors respectively with 
the charging time (e.g., 1 ms) very small in 
comparison with the discharge time (e.g., 
550 ms). Hence, the term quasi-peak rather 
than just peak. The indicator stage for the 
actual measurements is on the right in 
parallel with Ry. The circuit performs a 
weighted measurement of interference sig- 
nals at the input. 
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For an average detector, the input is ap- 
plied direct to R; with the operational am- 
plifier and diode removed. In addition, the 
time constants are equal. The reader should 
consult Ref. 1 for a detailed analysis. 

In addition to the above methods, the 
measuring apparatus must be protected 
against unwanted signals, such as those 
introduced from a power supply. The pro- 
tective circuit of Fig. 4 is for the frequency 
range 150 kHz to 30 MHz. CISPR Publication 
16 gives a generalized circuit with a table 
of values for components for different fre- 
quency ranges. These points need not be 
considered further in this type of paper. 


Appendix 4 
CISPR measurements 


In Fig. 4, the measuring receiver on the right 
is represented by 50 Q, which is the re- 
quired input impedance, with an indicator 
in parallel. It must have certain technical 
characteristics, which are sometimes re- 
ferred to as the CISPR standards for in- 
terference measurements in manufacturers’ 
catalogues and manuals. The principal char- 
acteristics are as follows. 


6 dB IF bandwidth: 9 kHz for the range 
150 kHz to 30 MHz; 

120 kHz for the range 30 MHz to 
1 GHz. 

Charging time: 1 ms for the full range of 
150 kHz to 1 GHz. 

Discharge time: 160 ms for the range 150 kHz 
to 30 MHz; 

550 ms for the range 30 MHz to 
1 GHz. 

Amplitude response: CISPR standard re- 
quires a response to certain pulses 
and repetition rates equal to the 
response to a sinusoidal unmodu- 
lated r.f. carrier at a level of 66 dB uV 
e.m.f. at the nominal receive fre- 
quency. 

Selectivity: CISPR standard has a graph 
of response vs frequency (e.g., re- 
sponse should be at least 20 dB 
down at 10 kHz from the nomin- 
mal receive frequency). 

Intermodulation response rejection: 40 dB 
(min). 

Image rejection: 40 dB (min). 

Spurious response rejection: 40 dB (min). 

Accuracy: error of 2dB (max) in field strength 
or signal level measurements. 

Screening: field strength or signal level mea- 
surements should fall by at least 
60 dB on removal of the antenna 
from the input terminal. (This re- 
quirement allows for the arrange- 
ment in Fig. 1 where the receiver 
is outside the anechoic chamber.) 


Thus, a measuring receiver does not nec- 
essarily have a performance specification 
equivalent to MPT 1326 (Appendix 1). Ifa 
receiver is required for the complete range 
of type testing, thisis a different matter but, 
in this case, it is EMC testing which is 
being considered. The reader is referred to 
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CISPR Publication 16 for a detailed expla- 
nation. 


Appendix 5 


Spurious emissions 


Refer to Test 5 in Appendix 1. A transmit- 
ter may have emissions at frequencies other 
than the assigned frequency. These are 
known as spurious emissions and can cause 
severe interference. The test is carried out 
with modulation applied, but at 20 dB above 
the level for normal test modulation. The 
specific details need not be examined in this 
article, but the output spectrum is moni- 
tored for out-of-channel emissions. Consider 
a handportable with an output power of 1 W. 
A spurious emission must not be greater 
than 2.5 uW or at least [60—-10log2.5] dB 
below the level of the designated emission. 
For example, if the level of the wanted sig- 
nal at the correct frequency is 60 dBi V, 
the level of the spurious signal must not 
be greater than 3 dBuV. 

For the receiver, there is no designated 
emission, but specific signals (e.g., local 
oscillators) are generated internally. The 
test method is the same with the excep- 
tion that the unit isin the receive mode. The 
limit of 2 nW (Test 14) is smaller by a fac- 
tor of over 1000. 

These two tests cover all emissions ir- 
respective of communications and, conse- 
quently, the ENCLOSURE test in Section 
4 is not required for en EMC test. 


Appendix 6 
Spurious response rejection 


This is a measure of the capability of a re- 
ceiver to distinguish between a modulated 
signal at the receive frequency and an un- 
wanted signal at another frequency. Refer 
to Test 11 in Appendix 1. The test methods 
need not be considered, but the level of an 
unwanted signal in the range 100 kHz to 
1 GHz must be at least 70 dB above the 
level of the wanted input. However, the 
difference between this performance test 
and EMC requirements is that the un- 
wanted signal is also a functional signal 
intended for communications purposes. 
Intermodulation response and blocking 
are in the same category. Thus, in order to 
comply with EMC standards, the tests in 
Section 5 on immunity are required. 5l 
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Digital clocks and timers are around us in a multitude of 
appearances, so it makes little sense these days to build one 
yourself. However, clocks with a really HUGE readout are few 
and far between, although they have many useful applications. 


Design by A. Rietjens 


HE maxi micro clock described in 
this article is based on _ the 


ST62T10 miniature microcontroller INTERRUPT 

from SGS-Thomson. The remarkable 

thing about this microcontroller is that en 

it couples the full functionality of a mi- me USER 

croprocessor to a small (20-pin) enclo- ton 

sure. The program that implements USER PROGRAM DATA RAM 

the clock function contains those 1828 BYTES (1) mom 

functions that were considered useful eT eae 

for a clock of ‘larger than normal’ size. 

Unfortunately the capacity of the 

EPROM contained in the ST62T10 is 

only 2 KByte, so that three different 

programs, i.e., differently programmed 

microcontrollers, are required for the 

three applications of the clock. These 

applications are: a clock with alarm COR | {OSCILLATOR RESET 

function; a darkroom timer/long-pe- 

riod timer; and a cooking timer. O 
Although the clock is controlled by a ae ee e 

miniature microcontroller, the size of + NOT AVAILABLE ON ST6210/E10, ST6220/E20 

the displays allows it to be read from os one poe 


quite a distance. An automatic display 
intensity control is provided that re- 
duces the display brightness if the am- 


three keys, whose function is sup- 
ported by four LED indicators. Finally, 
audible signalling for the timer func- 
tions is provided by a buzzer. If de- 
sired, a relay may be connected to the 
switching output. 

In a future issue of Elektor 
Electronics a modified version of the 
clock will be described using small dis- 
plays. This clock will be as large as one 
display of the present clock, and will 
be called ‘mini micro clock’. 


ST62T10 microcontroller 


This is the first Elektor Electronics ap- 
plication of a miniature microcon- 
troller from ST (SGS/Thomson). The 
microcontroller used is one from a 
family consisting of four devices: the 
ST6110, ST6220, ST6215 and ST6225. 
The structure of these controllers is 
open and versatile, which makes them 
eminently suited to compact control 
systems. 

The internal structure of the ST6 
series of microcontrollers is shown in 
Fig. 1. The processors feature a bus 
width of eight bits, and contain an 8- 
bit counter, a 7-bit divider, an 8-bit A-D 
converter, and a watchdog timer witha 
power-up reset function. The ST6210 
and ST6220 in addition feature eight 


PAOQ-PA3,(10mA SINK). 
PA4—PA7/ANALOG INPUTS ° 


( — ) PBO-PB7/ANALOG INPUTS 


PORT C w PC4-PC7/ANALOG INPUTS * 


8-BIT A/D 
CONVERTER 


TIMER 


ST6215 2; 
| ST62E15 ., 


ST6210 


5 ST62E10 ,, ST6225 


2 $T62E25 7° 


ST6220 °° 
' ST62E20 14 
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bient light intensity drops. Fig. 1. Internal architecture and pinning of the devices in the ST62 family of microcontrollers 


The clock may be set with the aid of (courtesy SGS-Thomson). 
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analogue inputs, while the ST6215 
and ST6225 have 16 of these inputs. 
Interestingly, the analogue inputs may 
be programmed as digital inputs or 
outputs. The difference between the 
ST6210/6215 on the one hand, and 
the ST6220/6225 on the other, is that 
the first two types have an on-chip 2- 
KByte ROM, whereas the 6220/6225 
have a 4-KByte ROM. 

All four microcontrollers in the 
ST62 series are also available in -S 
and -T versions. The -E versions have 
a glass window and an EPROM that 
can be erased by ultraviolet light, and 
reprogrammed. The -T versions are 
one-time programmable devices 
(OTPs). The -T versions are three to 
four times cheaper than the -E ver- 
sions, whence the controllers supplied 
through our Readers Services are -T 
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devices. 

Of the 2 KBytes of internal memory, 
1,828 locations (bytes) are available to 
the user, while 220 bytes are reserved 
for other functions. Furthermore, an 
internal RAM space of 64 bytes is 
available. The processor’s internal 
stack has 6 levels, and the chip works 
from a supply voltage between 3 V and 
6.25 V. The clock frequency of these 
processors is 8 MHz, which is easily 
generated with the aid of the internal 
clock oscillator and an external quartz 
crystal. 


Circuit description 


The circuit diagram of the maxi micro 
clock is given in Fig. 2. Apart from the 
ST microcontroller there are five inte- 
grated circuits. The remaining elec- 
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tronics are required to make the digital 
signals suitable for driving the dis- 
plays (LD1-LD4), the buzzer and the 
relay output. Finally, there is a simple 
circuit to detect action on the press- 
keys. The on-board voltage regulator, 
IC6, enables the clock to be powered by 
an ordinary mains adaptor with 
12 VDC/500 mA output. The displays 
and the LEDs are multiplexed, which 
allows the four displays to be driven by 
the limited number of lines available 
on the I/O port. 

Because of the internal structure of 
the displays (three LEDs in series for 
each segment, and two for the decimal 
point), these have to be connected to a 
supply voltage that is 5 V higher than 
that of the microcontroller. The display 
supply voltage of about 12 V calls for 
open-collector drivers, contained in 


c a 5V 
+ | Bz1 (+) 
ry D1(D1') = set timer (16) (16) 
T D2(D2') = set alarm C8 C7 
D3(D3') = alarm on IC3 : IC4 
7 D4(D4') = min : sec O aii G) en 





IC3 = 74HC239 
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Fig. 2. Circuit diagram of the switching clock. The heart of the circuit is formed by a microcontroller Type ST62T10, which comes ready-pro- 


grammed through the Readers Services. 
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Fig. 3. Track layout and component mounting plan of the printed c 


struction, the PCB may be cut into three or four pieces. 
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Fig. 4. The ‘king-size’ displays are fitted above the components on the printed circuit board. 


two ULN2004’s (IC1 and IC2). These 
ICs contain seven drivers with an 
open-collector output, and can easily 
accept a collector voltage of 12 V. 

The multiplexing is arranged by two 
microcontroller outputs, which select 
one of four transistor switches T1-T4 
via a 2-to-4 decoder. The binary value 
generated by the controller, and sub- 
sequently copied to the driver via IC4, 
determines which segments in the se- 
lected display are turned on. The 
translation from binary code to seven- 
segment code is performed by IC4, a 
74HCT4543. 

The controller also has an output 
line for the decimal points and the in- 
dication LEDs. The decimal point on 
LD2 has been made switchable, which 
allows you to select either one flashing 
decimal point, or two flashing LEDs 
(D7 and Ds) to act as a separation be- 
tween the two display pairs. 

Two further drive lines are provided: 
pin 11 drives a buzzer that may be si- 
lenced using jumper ‘C’, while pin 9 
drives a transistor that makes it possi- 
ble to control an electrical apparatus 
via an externally connected relay. The 
maximum relay coil current that can 
be supplied is about 100 mA. 

The clock control panel is rudimen- 
tary, but functional — three press- 
keys enable all clock functions to be 
controlled. The press-keys (S1, S2 and 
S3) are read in an unconventional 
manner by the microcontroller, be- 
cause the input used to read the key 
code is analogue, and gives access to 
the on-chip A-D converter. The con- 
troller software detects key action if 
the voltage at the analogue input 
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(pin 8) is between the two extremes de- 
fined by voltage divider R26-R29. When 
a key is pressed, the ratio between the 
resistors in the divider changes, which 
creates a total of three analogue volt- 
age levels. The circuit diagram also in- 
dicates that three further switches, 
Si, S2 and S3' may be connected. 
These switches are fitted on a separate 
printed circuit board, and are used in 
case the switches on the main clock 
board are difficult to control because 
of the enclosure used. The same goes 
for the LEDs, D1-D4, which may not al- 
ways be clearly visible. In this case, 
too, the extra PCB provides the solu- 
tion. 

The clock is calibrated with the aid 
of preset P1, whose wiper supplies a 
voltage that is fed to an analogue input 
of the microcontroller. The voltage 
read in this way is used to make small 
adjustments to the speed of the clock. 
This function is implemented in soft- 
ware, and does not affect the 8-MHz 
crystal clock oscillator in any way. The 
speed variation is +0.01%, which is 
sufficient for an accurate setting (ap- 
prox. 1 minute per week). If the clock 
option is used, an (optional) 4.5-V bat- 
tery may be connected to ensure that 
the clock keeps running (with the dis- 
plays quenched) in the event of a 
mains voltage failure of up tö 
48 hours. 


Cutting and soldering 


Since the final appearance of the clock 
must be neat and attractive, the 
printed circuit board (Fig. 3) is de- 
signed such that you have many op- 
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tions as regards the practical con- 
struction. A quick look at the PCB tells 
you that this can be cut into three or 
four parts. The narrow part cut off 
lengthwise is available to build the ad- 
ditional keyboard (if required). 

Since the standard press-keys Sı, 
S2 and S3 are fitted at the track side of 
the PCB, they are difficult to operate if 
the clock is built into an enclosure. In 
this case, the separate PCB provides 
the solution. The LED indicators are 
also accommodated on this board, so 
that they remain clearly visible. If the 
operation of the LDR is affected by the 
transparent plastic material fitted in 
front of the displays, the device may 
also be moved to the narrow PCB. The 
LDR controls the display intensity as a 
function of the ambient light intensity. 
If this function is not required, replace 
the LDR by a 1-kQ resistor. 

The PCB may also be cut into two 
over its width. This option is useful 
when constructing the cooking timer 
version which requires only two dis- 
plays, and is extra compact (Fig. 5). 

If the press-keys and the indication 
LEDs are fitted on to the main board, it 
is suggested to mount the LEDs at 
right angles so that they are clearly 
visible from the side of the PCB. 

In case the display intensity is too 
low at low ambient light levels, resistor 
Rig may be reduced to 10 kQ 

Finally, fit either jumper ‘A’ or ‘B’. 
Fitting jumper ‘A’ causes the decimal 
point on LD2 to act as a seconds indi- 
cator, while jumper ‘B’ causes LEDs 
LD7 and LDs to perform this function. 


Use as a clock 


The SET press-key selects between 
clock setting and alarm time setting. 
Depending on the selection, LED D1 or 
D2 lights. The desired time is set by 
pressing the UP and DOWN keys. If 
neither of the two functions is selected 
(both LEDs off) the UP and DOWN keys 
enable you to select between an 
‘hours:minutes’ or a ‘minutes:seconds’ 
display, both with the alarm enabled 
or disabled. 

The dot (or the two LEDs) between 
the hours and minutes (or minutes 
and seconds) flashes at a rate of 1 Hz. 
One of the four options remains se- 
lected until the user selects another 
setting. Consequently, the clock will 
not automatically return to the pre- 
ferred settings. 

If the alarm is enabled, and the time 
equals the alarm time, the buzzer will 
produce beeps with pauses of 0.5 sec- 
ond. The alarm may be turned off by 
pressing S1 or S2. If no key is pressed, 
the alarm turns off automatically after 
one hour. Transistor T7 is controlled 
together with the buzzer. The PCB ter- 
minals provided may be connected to 
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Fig. 5. The cooking timer is a compact unit thanks to the ‘sandwich’ construction. 


an external relay which, in turn, con- 
trols an electrical apparatus (such as a 
coffee machine). Jumper ‘C’ (or a 
switch) is used to switch off the buzzer. 


Darkroom clock 


The darkroom clock or long-period 
timer function allows a programmed 
timing interval to be signalled. Both 
repetitive and single signalling is pos- 
sible. In darkroom clock mode, the 
‘min:sec’ display function is not used, 
and replaced by a ‘repetitive alarm’ 
function. The maximum time between 
two short alarm signals is then 
99 minutes and 59 seconds (99:59). 
The darkroom clock is selected using 
the DOWN key, which also serves to 
select between alarm (buzzer) on and 
off. The SET key allows the alarm time 
only to be programmed — there is no 
point in setting the actual time. The 
counter is, réset if the UP key is 
pressed after setting the desired alarm 
time. Depending on your selection, the 
buzzer will sound once, or every time 
after a period has elapsed. The latter 
function is particularly useful to time 
the film developer flip rate. 

Transistor Te and the optional relay 
are actuated during the first period 
(after resetting). This allows an electri- 
cal apparatus, for instance, an en- 


larger, to be switched on for a maxi- 
mum period of 99 minutes and 59 sec- 
onds. 


Cooking timer 


The UP and DOWN keys are used to 
set the desired time, which is counted 
down to zero. Three short beeps are 
produced when the programmed time 
has elapsed. 

The cooking timer does not use dis- 
plays LD3 and LD4, so that only the 
minutes and tens of seconds readouts 
are visible. Before programming the 
cooking time, the SET key must be 
used to select between cooking times 
longer or shorter than 10 minutes. 
Next, the desired time is set using the 
UP and DOWN keys. When the cooking 
time is shorter than 10 minutes, the 
first display shows the remaining min- 
utes, and the second display the re- 
maining tens of seconds. For instance, 
if the displays read ‘8.3’, the remaining 
time is 8 minutes and 30 seconds. 
With cooking times longer than 
10 minutes, the display shows the 
number of minutes only. 

By virtue of the sandwich construc- 
tion, the cooking timer remains a very 
compact unit (Fig. 5). The dot between 
the two displays flashes at a rate of 
| Be. E 
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THE ORIGINAL SURPL 







8088 XT - PC99 


eae 


* 256k RAM - expandable 
to 640k 


oe 


e Factory burnt-in 
e Standard 84 key 


e 4.7 Mhz speed keyboard 
e 360k 5-1/4" floppy e 12" green screen 
included 


e 2 serial & 1 parallel ports 
e MS-DOS 4.01 
Optional FITTED extras: 640K RAM £39. 12" CGA colour 


monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 
mbyte MFM hard drive £99. 


e In good used condition 





ony£99_ 00. 






FLOPPY DISK DRIVES 
514" from £22.95 - 312" from £21.95! 


Massive purchases of standard 514" and 31/2" drives enables us 
to present prime product at industry beating low prices! All units 
(unless stated) are removed from often brand new equipment 
and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of stand- 
ard size. All are IBM-PC compatible (if 31/2" supported). 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B) 
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 
360K. Absolutely standard fits most computers £22.95(B) 
* Data cable included in price. 
Shugart 800/801 SS refurbished & tested 
Shugart 851 double sided refurbished & tested 
Mitsubishi M2894-63 double sided switchable 
hard or soft sectors- BRAND NEW £250.00(E) 
Dual 8" drives with 2 mbyte capacity housed in a smart case 
with built in power supply! Ideal as exterior drives! £499.00(F) 
End of line purchase scoop! Brand new NEC D2246 8" 85 
megabyte of hard disk storage! Full CPU control and industry 
standard SMD interface. Ultra hispeed transfer and access time 
leaves the good old ST506 interface standing. In mint condition 
and comes complete with manual. Only.. ..................-..- £299(E) 


THE AMAZING TELEBOX! 


Converts your colour monitor into a 
QUALITY COLOUR TV!! 


£175.00(E) 
£275.00(E) 












TV SOUND 
& VIDEO 


TUNER! 


The TELEBOX consists of an attractive fully cased mains 
powered unit, containing all electronics ready to plug into a host 
of video monitors made by manufacturers such as 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 
PHILIPS, TATUNG, AMSTRAD and many more. The composite 
video output will also plug directly into most video recorders, 
allowing reception of TV channels not normally receivable on 
most television receivers (TELEBOX MB). Push button controls 
on the front panel allow reception of 8 fully tuneable ‘off air’ UHF 
colour television or video channels. TELEBOX MB covers vir- 
tually all television frequencies VHF and UHF including the 
HYPERBAND as used by most cable TV operators. Composite 
and RGB video outputs are located on the rear panel for direct 
connection to most makes of monitor. For complete compatibility 
- even for monitors without sound - an integral 4 watt audio 
amplifier and low level Hi Fi audio output are provided as 





standard. 

Telebox ST for composite video input monitors £32.95 
Telebox STL as ST but with integral speaker £36.50 
Telebox MB as ST with Multiband tuner VHF-UHF-Cable. 


& hyperband For overseas PAL versions state 
5.5 or 6mhz sound specification. £69.95 
Telebox RGB for analogue RGB monitors (15khz) £69.95 
Shipping code on all Teleboxes is (B) 
RGB Telebox also suitable for IBM multisync monitors with RGB 
analog and composite sync. Overseas versions VHF & UHF call. 
SECAM / NTSC not available. 


No Break Uninterruptable PSU’s 


Brand new and boxed 230 volts uninterruptable power supplies 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD 
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK 
are internal, MUD has them in a matching case. Times from 
interrupt are 5 and 15 minutes respectively. Complete with full 
operation manuals............ MUK......£249 (F) MUD......£525 (G) 


LOW COST PC SPECIALISTS - ALL EXPANDAB 












POWER SUPPLIES 


































(Surplus always ) 
oe wanted for cash! ee 
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LE - ALL PC COMPATIBLE 


PC286 


286AT - 
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° 640k RAM expandable 


e 2 serial & 1 parallel 


e 2 serial & 1 parallel 


e 2 meg RAM expanded 
with standard SIMMS j oe 08 by sits j ports 
* 12 Mhz Landmark speed ° MS- i e 20 Mhz with 32k cache. • MS-DOS 4.01 


e 20 meg hard disk 
e 1.2 meg 5-1/4" floppy 


e Co-processor socket 
e Enhanced 102 key 


Expandable to 64k e Co-processor socket 


A Reypoara “40 mog Hard diak * Enhanced 102 keyboard 
°1.4 meg 3-1/2" floppy + Clecica calendar with e 1.2 meg 5-1/4" floppy. Kwik Disk Accelerator 
e EGA driver on board battery back up ° VGA card installed Software - 


BRAND NEW AND BOXED! 


ony£ 249 00. 


The Philips 9CM073 is suggested for the PC286 and the 
CM8873 for the PC386. Either may use the SVGA MTS-9600 
if a suitable card is installed. We can fit this at a cost of £49.00 
for the PC286 and £39.00 for the PC386. 


BRAND NEW AND BOXED! 


only£ 425.00. 


MONITORS 


14" Forefront Model MTS-9600 SVGA 
multisync with resolution of 1024 x 768. 0.28 
pitch. "Text" switch for word processing etc. 
Overscan switch included. Ideal for the PC- 
386 or PC-286 with SVGA card added. Also 
compatibe with BBC, Amiga, Atari (including 
. the monochrome high resolution mode), Ar- 
chimedes etc. In good used condition (possible minor screen 
burns). 90 day guarantee. 15" x 14" x 12". Onlly............. £159(E) 
Priha 14" Philips Model CM8873 VGA multisync 
with 640 x 480 resolution. CGA, EGA or 
VGA, digital/analog, switch selectable. 
Sound with volume control. There is also a 
special "Text" switch for word processing, 
spreadsheets and the like. Compatible with 









Power One SPL200-5200P 200 watt (250 w peak).Semi open 
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a, 
+24v 4a (6a peak). All outputs fully regulated with over voltage 
protection on the +5v output. AC input selectable for 110/240 
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) 


Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v 
(2A). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. £59.95(B) 
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ 
2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £22.95(B) 
Greendale 19AB0E 60 watts switch mode.+5v @ 6a,t12v @ 
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) IBM PC's, Amiga, Atari (excluding the 
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v monochrome high resolution mode), BBC, 
@ 15a,-5v @ 1a,+12v @ 6a.27 x 12.5x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen 
Boshert ee mode.|deal for drives & system. +5v @ ie burns) 90 day guarantee. 15" x 14" x 12". Only ............---£139(E) 
+12v @ 25a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) philips 9CMO073 similar (not identical) to above for EGA/CGA 
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) pc and compats. 640 ae resolution. With Text switch with 
Farnell G24/5S. As above but 24v @ 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2"........ £99(E) 


KME 10" high definition colour monitors. Nice 
BBC Model B APM Board tight 0.28" dot pitch for superb clarity and 












£100 CASH FOR THE modern styling. Operates from any 15.625 khz į 
MOST NOVEL sync RGB video source, with RGB analog and 4 
WIN £100 composite sync such as Atari, Commodore 
CASH! DEMONSTRATABLE Amiga, Acorn Archimedes & BBC. Measures * 
APPLICATION! only 13.5" x 12" x 11". Also works as quality Tv witn our RGB 


Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 
KME as above for PC EGA standard..............ss........ £145 (E) 
Brand new Centronic 14" monitor for IBM PC and compatibles 
at a lower than ever price! Completely CGA equivalent. Hi-res 
Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz 


board has so many similarities to the regular BBC model B that bandwidth. A super monitor in attractive style moulded case.Full 
we are sure that with a bit of experimentation and ingenuity many 99 gay guarantee. Only ...........-. £129 (E) 


useful applications will be found for this board!! It is supplied NEC CGA 12" IBM-PC compatible. High & 
complete with a connector panel which brings all the I/O to °D’ quality ex-equipment fully tested with a 90 : 
and BNC type connectors - all you have to do is provide +5 and day guarantee. In an attractive two tone 
+12v DC. The APM consists of a single PCB with most major ribbed grey plastic case measuring 15"L x 
ic’s socketed. The ic’s are too numerous to list but include a 413"W x 12"H. The front cosmetic bezel has 
6502, RAM and an SAA5050 teletext chip. Three 27128 been removed for contractualpgg (E) eee 


EPROMS contain the custom operating system on which we reasons. Only 
20", 22" and 26" AV SPECIALS 


BBC Model B type computer on a board. A major purchase 
allows us to offer you the PROFESSIONAL version of the BBC 
computer at a parts only price. Used as a front end graphics 
system on large networked systems the architecture of the BBC 








have no data, On application of DC powerthesystembootsand 99" 9: 

provides diagnostic information on the video output. On board Superbly made UK manufacture. PIL all solid state colour 
DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. Attrac- 
enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools,Shops, Disco, Clubs. 
dims: main board 13" x 10". I/O board 14" x 3". Supplied tested In EXCELLENT little used condition with full 90 day guarantee. 


with circuit diagram, data and competition entry form. 20"....£135 22"....£155 26"....£185 (P) 


Only £29 95 or 2 for C53 (B) CALL FOR PRICING ON NTSC VERSIONS! 
S 


PECIAL INTEREST Superb Quality 6 foot 40u 


19" Rack Cabinets 











Trio 0-18 vdc bench PSU. 30 amps. New £470 } X 
Fujitsu M3041 600 LPM band printer £2950 48." z 
DEC LS/02 CPU board £150 88s Massive Reductions 
Rhode & Schwarz SBUF TV test transmitter aTee. > 

25-1000mhz. Complete with SBTF2 Modulator £6500 iSss Virtually New, Ultra Smart! 
Calcomp 1036 large drum 3 pen plotter £ 650 F559 ice! 
Thurlby LA 160B logic analyser € 375° SSS Less Than Half Price! 
1.5kw 115v 60hz power source £ 950 ISSS) Top quality 19" rack cabinets made in UK 
Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA | S88 2 by Optima Enclosures Ltd. Units feature 
Newton Derby 400 Hz 70 Kw converter POA 4° designer, smoked acrylic lockable front 
Nikon PL-2 Projection lens meter/scope £750 ‘ie door, full height lockable half louvered back 
Sekonic SD 150H 18 channel Hybrid recorder £2000 SE door and removable side panels. Fully ad- 
HP 7580A A1 8 pen high speed drum plotter £1850 justable internal fixing struts, ready 


Kenwood DA-3501 CD tester, laser pickup simulator £ 350 punched for any configuration of equipment mounting plus ready 


BRAND NEW PRINTE RS mounted integral 12 way 13 amp socket switched mains distribu- 


— ; tion strip make these racks some of the most versatile we have 
Microline 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore 
Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 
Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) are 77-1/2"H x 32-1/2"D x 22"W. Order as: 


Centronics 152-2 9 x 7 dot matrix. Full width. = £149 (D) Rack 1 Complete with removable side panels.......£275.00 (G) 
Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) Rack2 Less side panels .............ccccccscsesessnseeeeees £145.00 (G) 





1992 Winter Issue of Display News now available - send large S@E - PACKED with bargains! 


-ELECTRONICS - 


MAIL ORDER & OFFICES 
Open Mon-Fri 9.00-5.30 
Dept EL, 32 Biggin Way, 


Upper Norwood, 
London SE19 3XF. 





LONDON SHOP 
Open Mon-Sat 9-5.30 
Thursday till 9.00pm 
215 Whitehorse Lane, 

South Norwood, 

London, SE25.. 


ALL ENQUIRIES 


081-679-4414 


Fax- 081-679-1927 


DISTEL © The Original 
Free dial-up database! 
1000’s of items+info on line 
V21, V22 & V22 bis 


081-679-1888 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government, Universities, Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call. 
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on a retum to base basis.Rights reserved to 


change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash. 
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CAMCORDER AUDIO MIXER 


An ELV design (© 1993) 


good video film should go together 
Afin good sound. It is the sound, 
however, that gives film makers problems. 
The microphone in many camcorders is 
not exactly of the best quality and has, 
moreover, a spherical polar pattern, so 
that a multitude of unwanted sounds 
are also recorded. 

Many camcorder recordings are trans- 
ferred to (S)VHS tape. Unfortunately, 
few VHS recorders afford access to the 
sound channel, so that during the copy- 
ing no other audio signals can be added. 

The mixer is connected to the exter- 
nal microphone input available on most 
camcorders. The external microphone, 
which is connected to the input of the 
mixer, may be arranged so that no spu- 
rious signals are recorded. It should, of 
course, have the polar pattern best suited 
to the individual application. 

The (mixed) output signal may be mon- 
itored via a headphone, whose volume 
may be adjusted as required. 

The unit may be used not only for 
mixing audio signals during recording, 
but also used during the copying of the 
camcorder film to the VHS recorder (or 
during the copying from one VHS recorder 
to another). It is thus possible to add a 
commentary or background music to 
the recording. When this is done, the head- 
phone output (instead of the camcorder 
output) of the mixer is connected to the 
audio input of the video recorder. The 
recording level can then be set as required 
with the headphone volume control. 

The mixer is fairly small: it is con- 
tained ina man-made fibre box measuring 
only 120x65x22 mm (4!!/).x2?/jex!/s in). It 
is powered by a 9 V battery. 


The circuit 


The line inputs are taken via BU2 and 
BU3 to buffer T) via networks C;-R and 
C;-k; respectively, and summing resistors 
Ryo and Ryj—see Fig. a, 

The microphone signal is applied to 
BU1 and amplified in IC}. Since the 
mixer is powered by a single supply, the 
+ input of the opamp is at half the supply 
voltage via potential divider R)-R). Resistor 
R, ensures that the input impedance re- 
mains 47 kQ. 

The amplification of the opamp is de- 
termined by R;-R; in the feedback loop. 
Since R; is variable, the amplification may 
be varied from x1 to x11. Capacitor C} 
suppresses any tendency to oscillation. 

The amplified signal is taken to the 
junction Rjp-R); via Rg. 

Owing to the d.c. setting of the opamp, 
its output is also at about half the supply 





The mixer has been designed especially for use with a camcorder. 
During recording (or later copying), it allows the output of an 
external microphone to be mixed with up to two other audio 

signals. Also, the mixer has a headphone output, whose level may 

be adjusted independently. 


voltage level. This voltage is used also 
as the d.c. setting for emitter follower T}. 
The composite signal is then available 
at the low-impedance output of T). 

The signal at junction Re-Rjp-Ry\-Ry7 is 
also applied to the non-inverting input 


of headphone amplifier IC. Capacitor 
Cg prevents any direct voltage reaching 
the amplifier. 

The d.c. setting of IC), is arranged via 
Rg and potential divider R)-R). 

The feedback loop is similar to that of 





Fig. 1. The completed printed-circuit board of the mixer. 
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THE 8031 PC COMPATIBLE ! 


Sr aaa aaa 
NOW YOU CAN TAKE ADVANTAGE OF LOW COST PC CARDS WITH 
THIS UNIQUE 8031 SINGLE BOARD COMPUTER 


Plug in a PC/XT KEYBOARD and you have a low cost full function keyboard. 


Need VIDEO? 


Insert a PC VIDEO CARD and you have a MONOCHROME or COLOUR 8031 
computer 


Need EXTRA RS232 PORTS? 


Insert a PC MULTI I/O CARD and you have an extra 2 RS232 PORTS AND 
PARALLEL PRINTER PORT. 


The 8031PC Computer comes complete with 32k RAM, RS232 PORT, PC/XT 
KEYBOARD SOCKET, 2 PC EDGE CONNECTORS and MONITOR 
EPROM. The MONITOR FIRMWARE contains routines to support all the above 
PC add-ons, 


The 8031PC complete with DOCUMENTATION on disc £89 inc. 


MAXCOM, 1 STEWARTS TCE., L'DERRY, N. IRELAND BT48 7LH 
TEL: 0504 271551 FAX: 0504 372420 


SPECIAL OFFERS WHILE STOCKS LAST 


PC SCOPE Turn your IBM PC into a powerful Storage Oscilloscope. Our A to D Converter plugs into printer 
pore with no power required. The software contains the following features:- 

X Timebase Selectable from | Day per Division to 2ms per Division!. 

Y Input AC/DC. Sensitivity 5v, 2v, lv and 0,5volts. Resolution 10Mvy, 

Trigger Low/High or High/Low 

Maximum storage on day range = 50 days. Trace can be stored on disk and printed. Saftware for a 4 digit Voltmeter with 
lOmv resolution is also supplied, The A/D converter with software (VGA required) ready to plug in and go. .£29.95 


















ASMS51 + SIMS! Complete Text Editor /Assembler plus Simulator for Microcontrollers 8051/52. Runs on IBM PC. 
Full control Registers & memory. Label generated disassembly, program trace, single-step, go with break many more 
Pore RY a- AOS VI AEA aa EON IIE E EZ SO ETS OO OEA E SEESI AS Pw A ES EA CRY PT Tigre cars rere £19.95 


ASM48 + SIM48 As above but for 8048/49 controllers ........s.ssssssssssrersrrrerrnsrssssssssesssnssnss ALEPO PALEES RS 
AUTO TRACKS V6 PCB Designer Produce professional printed circuit boards quickly and easily on your IBM PC 


[IXTIAT or Amstrad 1640. Single or double sided boards. Auto Routing, Rats nest or Point to point entry. Too many 
features to list here. Pe SEN LEEFT co HURRY eisai eimai £19.95 





EPROM/ROM EMULATOR Works with ANY computer with centronics printer port. Emulates all ROMs from 
1k(2758) to 32k(27256) over 50 types supported. Any file sent to printer port appears as ROM on target machine. 


Fast download, Ideal for MICRO development. ........ st casei DEE oad TE E Sete PRON = Foch meee EEAS N Wy 










PLEASE STATE DISK SIZE WHEN ORDERING. PLEASE ADD £1.50 POST & PACKING 


noose JOHN MORRISON (MICROS) DEPT ET 
ARDENS, Y, WEST YO 1 
hai? TINGLEY, WEST YORKSHIRE m 


WF3 IJR. TELEPHONE 0532 537 507 
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Fig. 2. Circuit diagram of the camcorder audio mixer. 
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BADGER EN BOARDS 


Printed Circuit Boards for Pis Radio Schools Colleges 
Short Wave Listeners Clubs Hobbyists & Industry 


















A range of Printed Circuit Boards in stock from many of the Projects in Magazines 
PRACTICAL WIRELESS 0 SHORT WAVE MAGAZINE O ELEKTORU HRT 
RADIO COMMUNICATION 
Kits Projects and Materials for manufacturing your own boards. Artwork and Plotting from 
your own Schematic drawings and also C.A.D. facilities. We supply ONE OFF Prototypes 
Phone between 9.00am and 5.30pm Monday to Friday for helpful advice and assistance 
Club talks and demonstrations of Printed Circuit Board manufacture QRP involvement etc 


021-353 9326 
87, Blackberry Lane, Four Oaks, Sutton Coldfield. B74 4JF 


(Please mention where you spotted this advertisement) 








MACRO CROSS ASSEMBLERS 
for 8051, 6800, 6809, Z80, 6502, ... 
with linker and library manager £70 


Features:- 

Conditional assembly, 

File inclusion, 

Repeated blocks, 
Binary/Hex output, 

Map files, 

Full expression evaluation, 
and much more. 


Demonstration 
Disc £5.00 


B. A. Jones 
Freepost (GR1863) 
Cheltenham 

GLOS. GL50 3BR 


98 AUDIO & HI-FI 





Fig. 3. Printed-circuit board for the camcorder audio mixer. 


the microphone amplifier: the ratio Rjs:Ryg 
determines the amplification of IC}, which 
may be set between x1 and x45 with Rs. 
The output of IC), is applied to the head- 
phone via current limiting resistor Ry, 
coupling capacitor Cy and socket BU4. 


Construction 


The mixer is intended to be constructed 
on the printed-circuit board in Fig. 3. 
Populating is best commenced with the 
resistors and wire bridges, followed by the 
capacitors. Observe polarity of the elec- 
trolytic capacitors and note that these are 
all fitted horizontally on the board. Finally, 
mount the transistors, IC, audio sock- 
ets and preset potentiometers. 

The mixer is linked to the camcorder 
by a 1 m (3 ft) long screened audio cable 
that is terminated at one end into a 
3.5mm stereo jack plug (interconnect the 
two channels in the plug). The other end 
of the cable is passed through a hole in 
the enclosure and soldered to ST1 and 
ST2 (screen). When the jack plug is in- 
serted into the relevant socket on the cam- 
corder, the internal microphone is switched 
off automatically. 

The photo of the completed board shows 
that preset potentiometers are used into 
which a mand-made fibre spindle is in- 
serted. These spindles are included in the 
ELV construction kit. After the board has 
been fitted into the enclosure. the spin- 
dles are pressed into the presets via the 
holes in the front panel, 

Subsequently, fit the on/off switch into 
the enclosure and solder one termina] 
of it to the S; pin adjacent to Cı; on the 
board (the other two pins are non-con- 
nected pads). Solder the other terminal 


of the switch to the red wire of the bat- 
tery clip. Solder the black wire of this 
clip to the pad in the corner of the board 
next to Rs. 

Finally, fit a strain relief sleeve on to 
the output cable, connect the battery to 
the clip and shut the enclosure. The 
mixer is then ready for use. Be 


The ELV Construction Kit is available from 
ELV 
Customer Service 
Postfach 1000 
D-2950 Leer 
Germany 
Telephone +49 491 600 888 
Fax +49 491 7016 





MAKE YOUR OWN PCBs 


By our PCB design staff 


HIS notice is aimed at those of you 

who, occasionally or frequently, 
produce their own printed circuit 
boards from the artwork printed in 
Elektor Electronics. As of the September 
1993 issue of Elektor Electronics, 
printed circuit board artwork (i.e., cop- 
per track layouts for single and double- 
sided PCBs) will be printed DIRECT 
READING instead of mirrored (reflected 
or wrong-reading) as we did for the past 
two years. This change can be made 
thanks to the availability of a new 
transparent film type, called Letracopy, 
that can be put into a photocopier ma- 
chine. 

You can see that PCB artwork is di- 
rect reading by looking at the printed 
circuit board number, which is legible. 
By contrast, a printed circuit board 
number is not legible if the artwork is 
printed as a mirror image. 

‘Letracopy’ film is a Letraset prod- 
uct, and should be available from 
larger stationery and draughting mate- 
rial stores. If you are unable to find a 
supplier in your area, call Letraset UK 
in London on (071) 620 0297. The film 
has a smooth and a rough (matt) side. 
The matt side has text printed on it, to 
inform you that the copy has to be 
made on the reverse (smooth) side. To 
make sure that you insert the 
Letracopy sheet correctly into the ‘sin- 
gle sheet’ tray of the photocopier, prac- 
tice with a normal sheet of paper on to 
which you pencil a cross. If you are at 
a photocopy shop, call in the help of 
the shop assistant. Also be sure to 








Using Letraset ‘Letracopy' self-adhesive 
transfer film to prepare a piece of photosen- 
sitive circuit board for UV light exposure. 





D eam] & 


Koy a ae) 


Example of positive, direct-reading, PCB art- 
work. Note that the production number, 
87467, is legible. 





turn the copier to the darkest possible 
copy setting. This is necessary to make 
sure that black stays black. Normally, 
the copy can be made at 100%, i.e., no 
reduction or ‘blowing up’ will be re- 
quired. In some cases, however, art- 
work is printed at reduced size in 
Elektor Electronics, and you may have 
to calculate the enlargement factor to 
obtain the actual size of the board. 
Once the layout has been copied on to 
film, this can be used to expose the 
photosensitive printed circuit board 
material to an UV light source. Cut the 
Letracopy foil such that 1-2 cm is left 
free around the edges of the artwork. 
Next, stick the foil on the circuit board, 
making sure that there are no creases 
or bubbles. It is assumed that the rest 
of the production steps to make a 
printed circuit board are known. 
(932003-8) 
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Fig. 2. a) perfectly flat system; b) practical 
bandwidth Jimited system; c) phase shift vs. 
frequency. 


Another example exists in optoelec- 
tronics. When a small variation in light 
intensity must be detected, and the sig- 
nal recovered, in the presence of a strong 
ambient light, then the situation is simi- 
lar to the ECG case: a millivolt level sig- 
nal riding on a high value DC offset 
signal. 

Finally, when all errors are ac- 
counted, and corrected, it is sometimes 
the case that analogue circuits have less 
error. An example seen in a logarithmic 
amplifier circuit from a commercial sup- 
plier provides some insight. When the 
analogue logarithmic amplifier is used 
without adjustment, the error is of the 
order of 1.5 to 3 per cent. But this error 
can be trimmed to less than 0.5 per cent 
with external components. Direct digiti- 


Amplitude Response 


Fi4FLoFis 


Frequency [F] 


Fig. 4. Three different bandwidth systems. 
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Fig. 3. Effects of bandwidth limitations on a 
square wave Signal. 


zation, however, can see 0.2 per cent am- 
plitude error, 0.03 per cent sampling 
error, and 0.6 per cent A-D digitization 
error, or about 0.83 per cent. 


Electronic instrument 
systems 


Figure 1 shows a block diagram for a 
generic computerized electronic instru- 
ment. While this figure is merely a ‘mind 
example’, it could easily serve for a large 
class of actual analogue and digital in- 


Fut FH2 FH3 
930014-I-14 
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struments presently seen on the market. 
The principal stages or functions are: 
input parameter (stimulus), sensor or 
transducer, analogue signal condi- 
tioning (input functions, amplification, 
level translation and signals processing), 
output display or recording or other 
means for presenting the data to the ‘ex- 
ternal world’. 


Physical stimulus. The physical stimu- 
Jus that is sensed in an instrumentation 
system may be temperature, light, dis- 
placement, fluid or gas flow, electrical re- 
sistance, electrical potential or any of a 
host of other physical parameters. Which 
particular stimulus is intended is not im- 
portant in a discussion of generic instru- 
ments, but becomes important when 
specifics are being discussed. 


Sensors and transducers. The sensor 
or transducer is a device that is capable 
of responding to the applied stimulus, 
and producing an electrical output signal 
that corresponds to the value of the ap- 
plied stimulus. A sensor, or transducer 
(the words are roughly equivalent for our 
purposes), is a device that converts en- 
ergy derived from a physical phenome- 
non into a representative electrical 
current or voltage, for purposes of mea- 
surement, control or information. 

There is often some ambiguity in the 
use of the words sensor and trans- 
ducer, and in many cases they are prop- 
erly used interchangeably. A transducer 
is a device that converts energy from one 
form to another (e.g. pressure to an elec- 
trical potential), while a sensor may or 
may not make some sort of conversion, at 
least in an obvious way (e.g. a biopoten- 
tials electrode). Thus, an electrode used 
in medical electrocardiograph (ECG) 
recording is a sensor but not a trans- 
ducer, while a pressure transducer is 
both a sensor and a transducer. A loud- 
speaker transduces an electrical audio 
frequency signal to a mechanical acousti- 
cal vibration. It is an output trans- 
ducer and not a sensor at al] *. 

Some physical parameter or stimulus 
(e.g. temperature, flow, pressure, or dis- 
placement) affects the output state of a 
sensor; the sensor produces an output 
signal that is proportional to the applied 
parameter. Thus, the output of the sensor 
will be either a voltage or current that 
represents the parameter being mea- 
sured (e.g., a temperature sensor that 
outputs a voltage, U,, of 10 mV/K). More 
often than not, the magnitude of the volt- 
age or current from the sensor represents 
the magnitude of the parameter at the in- 
stant of measurement. Over time, this 
voltage or current represents the time 
history of the stimulus parameter. 


(a). For those who know more than is necessary for 
this discussion, it is recognized that certain loud- 
speakers, notably those of the dynamic PMMC de- 
sign, can also serve as a microphone — so are both 
sensors and output devices. 


GENERAL INTEREST 


Response 
to Curve A 


Response 
to Curve B 


ok 


Response 
to Curve C 
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Fig. 5. Responses to the curves of Fig. 4. 


The most desirable sensors have an 
output signal characteristic that is linear 
with respect to the stimulus parameter. 
However, there are also many useful 
transducers that are either quasilinear 
(i.e. linear only over a portion of their 
total range) or even nonlinear. Such 
transducers are often used over a limited 
range, or must be artificially linearized. 


Input functions. The purpose of the 
input circuit is to receive the signal from 
the transducer, and convert it into what- 
ever form (usually a voltage) that is re- 
quired by the circuits to follow. In this 
section of the instrument, interfacing be- 
comes terribly important. The input 
functions usually include amplification, 
but can also include an AC or DC excita- 
tion voltage (especially in the case of 
Wheatstone bridge sensors), DC level 
shifting, and isolation of the input circuit 
from the remainder of the instrument 
(common in medical instruments because 
of patient safety considerations). 


Signals Processing/Amplification. 
The output signal from most sensors is 
not usually suitable for immediate dis- 
play. Rather, some form of signal condi- 
tioning is usually needed. This 
conditioning may be only amplification, 
or it might also include frequency selec- 
tive filtering, mathematical operations 


such as differentiation, integration, ‘log- 
ging’ or ‘antilogging’, or it may include 
something simple like dc level transla- 
tion. In other cases, the signals process- 
ing uses the analogue circuit, in effect, as 
a fixed-program, dedicated analogue 
computer to solve for a mathematical ex- 
pression. Some of these functions are 
most reasonably apportioned to analogue 
circuits, while others are most reason- 
ably apportioned to either digital circuits 
or computer software. In each case, the 
system designer must decide which is the 
proper engineering choice for the prob- 
lem at hand. 


Output Functions. The output of the 
instrument must often be processed in 
some manner before it can be displayed. 
The output functions may include power 
amplification (as in the case of another 
control system motor driver), digitization 
for input to a computer, or voltage scal- 
ing so that the display is easily read by a 
human operator. 


Output and Display. Finally, for an in- 
strument to be useful there must be a 
display, data storage or control function 
to perform. Various different forms of 
output and display function are pro- 
vided, depending on the need. An ana- 
logue output might be needed, especially 
if the signal must be passed to some 
other instrument for further processing 
or application. Alternatively, the signal 
might be digitized (or, indeed, originally 
generated as a digital signal), and ap- 
plied to some form of digital display. A Y- 
time or X-Y oscillographic display can be 
provided with either a strip-chart 
recorder or a cathode ray oscilloscope. 
Various forms of visual (sometimes 
called alphanumeric) display devices are 
sometimes used, especially when the out- 
put information is in the form of a nu- 
merical value (e.g., ‘100 Torr of 
pressure’). 

The visual display or recording de- 
vices might be a DC meter movement, an 
oscilloscope, a strip-chart recorder, digi- 
tal printer, video terminal, or even a sim- 
ple ‘GO-NO GO’ lamp. 


Tactics and signals 
processing for improved 
sensing 


The selection of sensors and the circuits 
that are connected to them can go a long 
way towards ensuring that the data ac- 
quired will accurately represent the 
physical phenomenon or event being de- 
tected. For proper operation in a dynamic 
input environment, the sensor selected 
should have a flat response curve, i.e., 
one that is free of amplitude distortion, 
phase distortion (which often causes am- 
plitude distortion), ‘ringing’ or reso- 
nances. 

An implication of these problems con- 
cerns the frequency response of the 


sensor and its signals processing system. 
Figure 2a shows a perfectly linear sys- 
tem in which the gain is constant over 
the entire spectrum of frequencies, i.e. in 
an ideal theoretical system from ‘DC to 
daylight’ and beyond. But real systems 
do not have such characteristics. The 
specification that determines the ability 
of the system to handle the frequency 
spectrum of any given signal or physical 
parameter is the bandwidth. It is usu- 
ally given in the form of a difference be- 
tween the maximum and minimum 








Fig. 6. 


a) small 
combined with noise; c) with some filtering; 
d) with more filtering. 


amplitude signal; b) 
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EXCITATION 


Fig. 7. Signal boosting amplifier. 


frequencies that must be handled, and 
has units of frequency. 

Figure 2b shows the type of frequency 
response that might be found on real sys- 
tems. In this example, the gain is flat be- 
tween two frequencies, and over this 
region the performance is similar to the 
ideal case. But beyond these points, the 
gain falls off at a given slope. The break- 
point that defines the flat region is, by 
convention, taken to be the frequencies 
(F, and Fy) at which the gain falls of to 
70.7 percent of its gain in the flat region. 
These points are known as the -6 dB 
points in voltage systems, and the —3 dB 
points in power systems. 

When the frequency response is not 
entirely flat, one can expect to find phase 
distortion. Figure 2c shows the situa- 
tions where the phase shift of the system 
is a linear function of frequency (solid 
line), and also where it is a nonlinear 
function of frequency (dotted line). 

We can see the effects of phase distor- 
tion in a somewhat simplistic sense in 
Fig. 3. Figure 3a is the applied signal, 
e.g., the output of an ideal sensor in re- 
sponse to step-function changes of the 
measured input parameter. If the signals 
processing electronics and the sensor 
mechanism itself are perfectly ideal, 
then the only effect of the change will be 
displacement in time (t), as shown in 
Fig. 3b. There will be no distortion of the 
shape of the wave. But in the presence of 
phase distortion, however, the wave will 
not only be time displaced, but also dis- 
torted. Figures 3c and 3d show two forms 
of distortion that can occur with phase 
non-linearity. 

A slightly different view of the same 
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phenomenon is shown in Figs. 4 and 5. 
Consider a system in which the band- 
width can be varied across several limits, 
represented by curves a, b and c in 
Fig. 4. Curve c represents the most re- 
strictive of the three possibilities because 
it sharply limits both low and high fre- 
quency response, while curve a is the 
least restrictive. Note in Fig. 5 the vari- 
ous responses to the three bandwidths 
represented in Fig. 4. These curves can 
be simulated by examining the response 
to square waves in R-C filter networks. 
In fact, one of the problems that one 
must consider when using electronic fil- 
ters is the effects of the —6 dB points on 
the applied waveform. 

One might erroneously assume from 
the discussion above that the instrument 
designer should select amplifiers with as 
wide a bandwidth as possible. That is not 
the case, however, because bandwidth 
can cause other problems at least as se- 
vere as those that are solved. Noise, for 
example, is proportional to bandwidth. It 
is possible to eliminate the problems of 
noise, plus certain input signal problems 
such as ringing or resonances by proper 
selection of the frequency response cut- 
off points. Thus, the selection of ampli- 
fier bandwidth and phase distortion 
characteristics is a trade-off between the 
need to make a high fidelity recording of 
the input event and the other problems 
that can occur in the system. 

Very small signals are often obscured 
in noise of similar amplitude. If this sig- 
nal is amplified and then applied directly 
to the A-D converter for input to a com- 
puter, then large errors can be expected. 
Consider a contrived but representative 
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example in Fig. 6. The signal in Fig. 6a is 
a 100-Hz, 1-mV sine wave signal. In 
Fig. 6b, however, the signal is mixed lin- 
early with the output of a zener diode 
pink noise generator to produce a realis- 
tic analogue signal as might be found in 
practical instrumentation applications. 
Clearly, direct digitization would result 
in a large error, except in expensive, high 
performance computer systems. Fig. 6c 
and 6d show one and two stages of ana- 
logue filtering, one a simple passive R-C 
filter and the other a single-stage opera- 
tional amplifier filter. Figure 6d is the 
recovered 1-mV sine wave with only a 
small error term from noise sources. 

Even when digitization occurs rela- 
tively rapidly in the system, a little ana- 
logue circuitry can produce significant 
improvement in the signal. Figure 7 
shows the circuit diagram of an analogue 
amplifier box that I built for a Grass FT-3 
force-displacement sensor used by a med- 
ical physiologist. This device produces an 
output signal of about 180 uV/gram- 
force, and was experiencing severe in- 
terference from the 50/60 Hz AC power 
mains radiated signal. By preamplifying 
the signal x200, and providing a small 
degree of low-pass filtering in the elec- 
tronic circuit box mounted to the sen- 
sor, the interference was reduced to a 
negligible amount. 


Next month... 


In Part 2 of this article we will take a 
look at the problem of interfacing sensors 
to amplifiers at the front-end of the ana- 
logue subsystem. ia 
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References and Notes 

1. Note: Gain is defined as the ratio of 
the output function to the input function. 
Because voltage gain (A,) is used here for 
illustration purposes, A, equals U,/U,,. 


(b). One gram-force is about 980 dynes. 





INFRA-RED RECEIVER/DEMODULATOR SFHSOSA 


An increasing number of 
infra-red remote control 
circuits in video recorders 
and TV sets have an 
integrated infra-red 
receiver/demodulator. The 
advantages of such modules 
are clear: a small, less 
complex, circuit, and lower 
production costs. 
Furthermore, the combination 
of an IR receiver anda 
demodulator in one package 
increases the reliability of the 
remote control. 

This Siemens application note 
takes a further look at the 
SFH505A. 


SFH 505A 


Metal screen 


-—— 


* may be required for supply decoupling 





HE SFH505A from Siemens 

Components is an integrated cir- 
cuit that contains an infra-red receiver 
and a demodulator. The SFHSO5SA is a 
hybrid combination of the SFH205 sili- 
con PIN photodiode and the TDA4065 
IR demodulator (Fig. 1). Together with 
the SDA2208-3 IR transmitter, the 
SFH505A offers a modern, cost-effec- 
tive, concept for infra-red remote con- 
trol. 

The SFH505A guarantees excellent 
technical characteristics, and outper- 
forms similar products in a number of 
respects: 

è Photodiode and receiver/demodula- 
tor in one; 
è Very low external components count 

(supply voltage decoupling only); 

@ On-chip receiver bandpass matches 


transmitter carrier frequency 
(30 kHz); 
e Maximum photosensitivity at 


950 nm IR wavelength; 
e Switching threshold of 40 nW/cm? at 


om =. 
+Ucc 
4,7 uF* 


50KQ | 


me H K 


© output Q 
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Fig. 1. The SFH505A consists of a photodiode (SFH205) and a demodulator (TDA4065). 


(Siemens Components) 


950 nm/30 kHz (no ambient light, 
Tae ts 56E Fis. 2); 

è High sensitivity yields large range. 
Test transmitter: SDA2208-3 with 3 
x LD271 switched at [=0.8 A. 

- no ambient light: 233 m 

- Weak ambient light: 231 m 

- Strong ambient light (distance 
from light source 1 m at 45°): 

- 100-W light bulb: 221 m 

- switched fluorescent tube (Osram 
Dulux EL15 W): 212 m 

è High noise immunity; 

è Supply voltage 5 V +10%, current 
consumption only 0.65 mA (output 
high); 

è Small outline (T0220 like) plastic 
package with only three terminals 
(+5 V, GND, OUT). Package optimized 
for 50° half-power points (Fig. 3); 

eInternal metal screening between 
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Fig. 2. The switching threshold luminous in- 
tensity, Ee, is constant over a temperature 
range from 0 to 25°C. 
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Fig. 3. SFH505A directivity beam pattern with half-power points at about 50°. Fig. 4. The selectivity achieved with the aid 
of the integrated 30-kHz bandpass filter adds 
considerably to the noise immunity of the 
complete IR remote control system. 


photodiode and demodulator. 


In the receiver, the infra-red carrier 
signal supplied by the photodiode is 
amplified by a low-noise preamplifier. 
The bias setting of the preamplifier is 
stabilized with the aid of a current 
source, which also serves to compen- 
sate low-frequency components in the 
photodiode current, caused by ambi- 
ent light sources. The bandpass filter 
that follows the preamplifier is tuned 
to 30 kHz, and filters the signal before 
it is applied to the demodulator. The 
demodulated pulses appear at the out- 
put of the on-chip buffer stage (Fig. 5). 

i 


30kHz IR light signal 


output signal 
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Source: 
Fig. 5. The demodulator contained in the SFH505A converts the modulated IR carrier into Siemens Components issue L/S. 
logic pulses, which are available at the buffered output of the device. 


22,0max 
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Fig. 6. SFH505A package outline and pinout. 
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ACTIVE PROBE 


An active probe is required 
wherever the capacitance 
presented by a test instrument 
(oscilloscope or voltmeter) 
must be kept as small as 
possible to prevent the test 
circuit being unduly loaded. 
The active probe described 
here has a maximum input 
frequency of about 150 MHz, 
and an input capacitance of 
only 2 pF. 


By R.G. Payne 


HE cost of a commercial active 
U meen probe puts this 
highly desirable workshop tool well out 
of the reach of the average electronics 
enthusiast. By contrast, the 180-MHz 
active probe described here can be 
built for about £20, which is 10 to 50 
times cheaper than a commercial 
equivalent. 

As shown by the circuit diagram 
(Fig. 1), the probe is based on Maxim's 
MAX405 precision video buffer/ampli- 
fier. This device was chosen mainly be- 
cause of its large (180-MHz) 
bandwidth, 650 V/us slew rate, and 
35-ns settling time. Also not to be 
waved aside are its very small differen- 
tial phase error (0.01%) and its ability 
to drive fairly heavy loads (60 mA) at 
low impedances. 

The attenuation of the active probe 
is 2 times, which is five times smaller 
than a conventional x10 passive probe. 
Hence, the active probe allows much 
smaller signals to be measured. 
Although Maxim in the MAX405 
datasheets state a typical device input 
capacitance of 0.7 pF, about 2 pF was 
measured on a prototype of the active 
probe. The following measurement 
method was used to establish this 
value: first, a 10-kQ SMA (surface 
mount assembly) resistor was con- 
nected to the probe input. Next, a 
pulse generator with an output imped- 
ance of 50 Q and a signal rise time of 
5 ns was connected to the SAM resis- 
tor. The output waveform was mea- 
sured at 1t, where t=RC, hence C=t/R. 
Evaluation is simple: the smaller Ir, 
the smaller the input capacitance. 

The active probe is powered by a 
+6 V (symmetrical) supply. The author 
used a Farnell bench power supply 


low input capacitance 
active probe 


Fig. 1. Circuit diagram of the active probe. 


(see Fig. 2), connected to the active 
probe via a screened 4-core cable. 

In view of the very small signals 
measured, and, of course, the safety of 
the test set-up, great attention must 


NIM connector 
or screened multi 
pole connector 


Metal Box (shield) 
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be paid to proper earthing and screen- 
ing. Also, the PCB on which the active 
probe is built must be as small as pos- 
sible, and surface-mount components 
are essential to keep internal induc- 


RS 591 - 309 
5V 200mA 
Encapsulated 
PSU 


Main Switch 
Filter & Fuse 


Farnell 
151-017 


RS 591 - 309 
5V 200mA 
Encapsulated 
PSU 


i 
| 
©) 
| 
| 
| 


| low input capacitance 
, active probe 





Fig. 2. Use of the probe in conjunction with a workbench power supply and an oscilloscope. 
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Active Probe linear test (DC), 5/2/92 AGP. 
Active probe serial not 


1033 Jeau] 


Output Voltage (*2). [mV] 
(%) 


2500 
Input Voltage, [mV] 


Input Leakage current versa input voltage. 5/2/92 RGP, (sm PCB no.1 


Measured input leakage current, [uA] 








a [Input Frequency versa Input Impedance guide-line only. 5/2/92 RGP| 












7 x10 passive probe. Cin=20pf assumed 
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ACTIVE PROBE 


tance to a minimum. For optimum EMI 
screening the probe is best housed in a 
small metal tube, with a BNC output 
socket to connect the coax cable to the 
scope input. 

The input voltage to the probe must 
be limited to the PSU rails, i.e., +6 V. 
Low-capacitance protection diodes are 
fitted at the opamp input to afford 
input overload protection. 

Finally, some additional technical 
data measured on the author’s proto- 
type: 

Accuracy: +5% max. 
Input leakage: +5 A max. 
Output d.c. off-set: +1 mV (adjustable) 
Linear input voltage range: +4 V 


Fig. 3. Input and output linearity test result. 


Fig. 4. Input leakage test result. 


Fig. 5. Input impedance vs frequency. 


PLANT HUMIDITY MONITOR 


is little circuit monitors the humid- 

ity of plant soil, and should be a wel- 

come help for forgetful readers who oc- 

casionally find their plants on the win- 
dow sill suffering from acute drought. 

The plant humidity sensor consists 
of a handful of inexpensive parts, and 
gives a reliable indication when the soil 
is too dry. Circuit IC, is arranged as an 
oscillator that supplies two complemen- 
tary switching signals, Q and Q\, ata 
frequency of about 58 Hz. Theoretically, 
the Q and Q\ signals are never active at 
the same time and thus form a perfect 
alternating current source that prevents 
electrolysis on electrodes A and B. 

The potential at the wiper of P} is a func- 
tion of the electrode resistance (Rj), 
and thus depends on the soil humidity. 
By comparing this potential with a ref- 
erence, IC, indicates whether the soil 
humidity falls below a certain level, when 
the plant needs watering. The reference 
is derived from the symmetrical elec- 
trode current, and is taken from junc- 
tion R,-R;, which is at a constant poten- 
tial of 2.5 V with respect to ground. 

The operation of the comparator is 
straightforward in spite of the alternat- 





COMPONENTS LIST 


reghEe 


O 













R7 
HA sv 
c3 
= 
T 
16V 


LG3369EH 
TLC271 
1 


Sed 
E 
D3 
© 
Hop 
1N4148 


> Di = green 
D2 = red 

















mas 





> 
> 


LS3369EH 






Ho) 


IC3 = 4066 934031-11 





ELEKTOR ELECTRONICS JULY/AUGUST 1993 


eee 


8...12V 1N4001 


Ci C2 
pL 44 


1001 |100n 
25V 


SEORES 
a 934032 





ELEKTOR ELECTRONICS JULY/AUGUST 1993 


; 
| 


3 
$ 


H+) 
5V 


<300mA 


R2 


a| 


934032-11 





PLANT HUMIDITY MONITOR 





ing electrode current. A simple d.c. volt- 
age comparison is, therefore, out of the 
question. Assuming that Q=0 V and Q\=4+5V, 
the wiper of P} is at a potential U, with 
respect to ground. Consequently, the 
wiper will be at 5-U; when the electrode 
current is reversed {Q=+5 V; Q\=0 V). If, 
in the first situation (Q=0 V and Q\=+5 V), 
the wiper potential is, say, higher than 
the reference, it follows that it is lower 
than the reference in the other situa- 
tion. To make sure that the comparator 
output is actuated in both cases, the 
input signals are swapped by the Q and 
Q\ outputs of IC,. This is achieved with 
the aid of the four electronic switches con- 
tained in IC}. 

The red LED, D,, lights when the soil 
is too dry. This happens when U) is greater 
than 2.5 V. Depending on the setting of 
preset P., this corresponds toa soil (inter- 
electrode) resistance of O-1.82 KQ. The 
further P, is turned towards the elec- 
trode connection, the higher the soi] re- 
sistance (i.e., the drier the soil) required 
for the green LED to go out and the red 
LED to light. Interestingly, the capaci- 
tance of the soil may cause the red and 
the green LED to light at the same time, 
which gives a useful indication of ‘between 
wet and dry’. 

The electrodes are best made from 
the carbon rods salvaged from used bat- 
teries. This is an inexpensive solution, 
which also prevents corrosion. The elec- 
trodes are pushed into the plant soil 
about 4 cm apart. The exact adjustment 
of P) will depend on the type of plant to 
be monitored, and has to be established 
empirically. In most cases, however, good 
results will be obtained with P, set to 
mid-travel. 

Since the sensor requires a stable 
5 V supply, power is derived from an 
inexpensive mains adaptor whose direct 
output voltage is ‘cleaned’ and stabilized 
with the aid of an 7805 regulator. As 
the sensor draws a current of only about 
5 mA, the supply shown here may be 
used to power a number of sensors. 

In addition to providing the supply 
voltage to the sensor units, the power 
supply also functions as a central (re- 
mote) indicator. LED D, lights when one 
of the sensor units connected reports 
‘dry soil’. If none of the sensors reports 
‘dry soil’, but at least one of them ‘be- 
tween dry and wet’, LED D) lights at re- 
duced intensity, since the voltage ap- 
plied to the LED control input is then be- 
tween 2 V and 3 V. Clearly, this means 
that all sensor outputs must be con- 
nected to the LED control input on the 
supply (wired-OR configuration). 

(J. Ruiters — 934031 /32) 
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Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send or- 
ders, except for subscriptions (for which see below), 
to Old Colony Sound Lab, Peterborough, whose full 
address is given on the order form opposite. All US$ 
prices are postpaid to customers in the fifty states ex- 
cept for books. Please add $2.00 for the first book and 
75¢ for each additional book ordered. Canadians 
please add US$4.50 for the first book, and 75¢ for 
each additional one. Canadians may expect Canadian 
duty charges on shipments of any items except books. 
All other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.75; surface mail outside UK £2.25; Europe 
(airmail) £2.75; outside Europe (airmail) £3.50. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 
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Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, Pashley Road, TICE- 
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can be provided, postage paid, at £1.75 (UK and 
Eire), £1.90 (surface mail outside UK), £2.25 (airmail 
Europe), or £2.50 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial and administrative offices. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 
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The following books are currently available: 
these may be ordered from certain bookshops, 
Old Colony Sound Lab (USA and Canadian read- 
ers only), or direct from our Dorchester office. 
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Microprocessor Data Book.............. £10.96 iiss: $19.90 
Data Sheet Book Panasaran £9 8b REN $18.50 


Data Book 3: Peripheral Chips........ S10 OS icc $19.95 
Data Book 4: Peripheral Chips ........ EIO OB cs $19.95 
Data Book 5: Application Notes....... ETO BS | ee $19.95 


Elektor Electronics shelf box........... Eo? l eee $6.00 
PROJECT No. Price Price 
(£) (US$) 
Timecode interface 910055-F 8.80 17.60 
Digital function 
generator 910077-F 10.60 21.20 
4-Megabyte printer 
buffer 910110-F 11.45 22.90 
Economy PSU 910111-F 10.60 21.20 
CD Player 910146-F 12.05 24.10 
Measurement amplifier 910144-F 8.80 17.60 
FM tuner 920005-F 13.20 26.40 
4MB printer buffer card 920009-F 8.25 16.50 












LC meter 920012-F 

Guitar tuner 920033-F 

NICAM decoder 920035-F 

12VDC to 240VAC 

inverter 920038-F 

Audio DAC 920063-F 

Dig. audio/visual system 920022-F 1 
920022-F2 
920022-F3 

1.2 GHz multifunction 

frequency meter 920095-F 

U2400B NiCd battery 

charger 920098-F 

Workbench PSU 930033-F 


Inexpensive phase meter 930046-F 


11.45 22.90 
8.80 17.60 
8.25 16.50 


16.15 32.30 
10.00 20.00 
10.00 20.00 
19.40 38.80 
28.80 57.60 


13.80 27.60 
8.75 17.50 


17.00 34.00 
17.25 34.50 


EPROMS / PALS / MICROCONTROLLERS 


Multifunction measurement 


card for PCs (1 x PAL16L8) 561 
Video mixer (1 x 2764) 5861 
RDS decoder (1 x 2764) 5951 
MIDI programme changer 

(1 x 2764) 5961 
Logic analyser (IBM inter- 

face) (1 x PAL 16L8) 5971 
MIDI-to-CV interface 5981 
Multifunction I/O for PCs 

(1 x PAL 16L8) 5991 
Amiga mouse/joystick 

switch (1 x GAL 16V8) 6001 
Stepper motor board - 1 

(1 x PAL 16L8) 6011 
4-Megabyte printer buffer 

(1 x 2764) 6041 
8751 emulator 

incl. system disk (MSDOS) 6051 
Connect 4 (1 x 27C64) 6081 


EMONS51 (8051 assembler 

course) (1 x 27256 +disk 1661) 6061 
EMONS51 (8051 assembler 

course) (1 x 27256 +disk 1681) 6091 
Multi-purpose Z80 card: 


FM tuner (1 x 27C256) 6101 
Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 
Multi-purpose Z80 card: 

BIOS (1 x EPROM 27128) 6121 
1.2 GHz multifunction 

frequency meter(1 x 27C256) 6141 
Digital audio/visual system 

(1 x 27C256) 6171 
TV test pattern generator 

(1 x 27256) 6151 
DiAV system. Package: 

TX 27512; 2 GAL. TX 

floppy disk (MSDOS) 6181 
PAL test pattern generator 

(1 x GAL 20V8-25) 6211 
Watt-hour meter (1 x 27256) 6241 
Four fold DAC (1 x GAL) 6251 
Multipurpose display decoder 

(1 x 2764) 6261 
8751 programmer (1 x 8751) 7061 
Maxi micro clock (clock) 7081 


Maxi micro clock (darkroom timer) 7091 
Maxi micro clock (cooking timer) 7101 


10.30 20.60 
11.75 23.50 
15.30 30.60 
15.30 30.60 


8.25 16.50 
15.30 30.60 


8.25 16.50 
8.25 16.50 


8.25 16.50 
15.30 30.60 


29.40 58.80 
15.30 30.60 


20.00 40.00 
20.00 40.00 
20.00 40.00 
11.15 22.30 
15.30 30.60 
11.45 22.90 
10.30 20.60 


13.00 26.00 


30.50 61.00 


9.40 18.60 
10.00 20.00 
10.75 21.50 


11.50 23.00 
46.40 92.80 
11.50 23.00 
11.50 23.00 
11.50 23.00 


DISKETTES 


Multifunction measurement 


card (MMC) for PCs 1461 
8751 programmer 1471 
PT100 thermometer 1481 
Logic analyser: IBM software 

on disk, incl. GAL 1491 
Logic analyser: Atari software 

on disk (3.5”), incl. GAL 1501 
Plotter driver (D. Sijtsma) 1541 
I/O interface for Atari 1571 
Tek/Intel file converter 1581 
B/W video digitizer 1591 
Timecode interface 1611 
RTC for Atari ST 1621 
24-bit colour extension 

for video digitizer 1631 


PC controlled weather 


A list of all PCBs, software products and front panels available through the Readers Services is 
published in the March, June, September and December issues of Elektor Electronics. 


7.65 15.30 
7.65 15.30 
7.65 15.30 
19.40 38.80 
19.40 
11.15 
7.65 
7.65 
FTS 
7.65 
7.65 


38.80 
22.30 
15.30 
15.30 
22.30 
15.30 
15.30 


11.15 22.30 





station - 3 (supersedes 


disks 1551 and 1561) 1641 7.65 15.30 
8051/8032 Assembler course 
(IBM version) 1661 7.65 15.30 
8051/8032 Assembler 
course (Atari version) (3.5”) 1681 7.65 Lie 
AD232 converter 1691 7.65 15.3 
GAL programmer (3 disks; 
upgrade: June 1993) 1701 Tat SF 
Multi-purpose Z80 card 1711 7.65 15.3 
EPROM emulator II 129 6.75 13.50 
Pascal library for MMC 1751 9.70 mes 
Speech/sound memory 1771 7.65 15. 
IR receiver and DTMF decoder 
for 80C32 SBC 1791 9.00 18.00 
I2C opto/relay card 1821 7.65 ee 
Video digitizer for PCs 1831 14.50 soy 
Philips preamplifier 1861 8.50 17. 
rammer (excl. Opal 
anil 1881 10.75 21.50 


Jr. disks) 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 
sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 








MARCH 1993 

Linear sound pressure meter 930006 7.00 14.00 
Electrically isolated RS232 

interface 920138 10.25 20.50 
80C32 DTMF decoder 920070 Not available 
APRIL 1993 

Audio power meter 930018 10.25 20.50 
27MHz AM/FM transmitter 920121 Not available 
Video digitizer for PCs 

(incl. disk 1831) 930007+ 37.00 74.00 
Infrared receiver for 80C32 

single-board computer 

(incl. disk 1791) 920149+ 14.50 29.00 
4MB printer buffer card 920009 27.50 55.00 
MAY 1993 

FM stereo signal generator 920155 23.00 46.00 
VHF/UHF receiver 926001 19.00 38.00 
Philips preamplifier 930003 7.50 15.00 
Workbench PSU 930033 21.50 43.00 

920075-1 4.70 9.40 

JUNE 1993 

Spectrum VU meter 920151 13.00 26.00 
GAL programmer upgrade 930060 4.50 9.00 
Digital frequency readout 

for VHF/UHF receiver 926001-2 11.50 23.00 
Inexpensive phase meter 

- main board 930046 9.00 18.00 
- meter board 920018 4.75 9.50 
JULY/AUGUST 1993 

Active 3-way loudspeaker 

system 930016 21.50 43.00 
Maxi micro clock 930020 15.50 31.00 
Four-fold DAC for PCs 930040 Kolter Electronic 
SMD soldering station 930065 9.50 19.00 
VHF-low converter 926087 15.50 31.00 
UHF remote control trans- 

mitter 914064 Not available 
UHF remote control 
receiver 934118 Not available 
Lead-acid battery charger 934033 Not available 
12C bus fuse (5 on 1 PCB) 934016 8.00 16.00 
SCSI active bus termination 934038 Not available 
Car battery voltage monitor 934018 Not available 
Speed indication for PCs 934017 Not available 
Audible continuity tester 934034 Not available 


Multipurpose display decoder934029 
Voice operated recording 934039 
Low-noise microphone amp 934044 


Not available 
6.00 12.00 
Not available 


Joystick converter for PCs 934006 Not available 
General transformer PCB 934004 6.50 13.00 
Plant humidity monitor 934031 4.50 9.00 
Plant humidity monitor (supply) 934032 4.00 8.00 
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HOW TO PAY 
Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70, section 1. 
Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to the card- 
holder’s address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to ‘Elektor Electronics 
(Publishing)’. 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope, a 
National Giro transfer/deposit form. Do not send 
Giro transfers direct to us, as this willdelay your 
order. 

If you live outside the UK, payment may 
also be made by Bankers’ sterling draft drawn 
on a London clearing bank, Eurocheque made 
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Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the 
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by the equivalent of £15.00 to cover our bankers’ 
negotiating fee. 

If you pay by Bankers’ sterling draft, make 
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London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


TWS8 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although every effort will be made to dispatch 
your order within 2-3 weeks from receipt of your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
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turned should be packed securely in a padded 
bag or box, enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 10% handling charge with 
a minimum charge of £2-50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our “Recorded Delivery” slip. 


CANCELLED ORDERS 

All cancelled orders will be subject to a 10% 
handling charge with a minimum charge of 
£2:50. 


PATENTS 

Patent protection may exist in respect of circuits, 
devices, components, and so on, described in our 
books or magazines. Elektor Electronics (Publishing) 
do not accept responsibility or liability for fail- 


ing to identify such patent or other protection. 


COPYRIGHT 
Alldrawings, photographs, articles, printed-cir- 
cuit boards, EPROMS, and cassettes published in 
our books or magazines (other than in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
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ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
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obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
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use without prior permission. 


LIMITATION OF LIABILITY 
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Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
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purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
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80387 Programmers Reference Manual 
80960CA Users Manual 

80387 Support Libuary Reference Manual 
Automotive Manual 


MC6888IRC12B 
MC68000R8 
MC68030RC25B 
AM29116DC 


SPECIALS 





AMSTRAD 


9256DS-0121 DMP3000-001 
PTNOQ270931 
TMS27PC256-2NL 

40291-1 IDE BIOS 


40049 

P8049AH7826 

40189-1 

40191-1 

40192-1 
BS n a £30.00 
LOOT LIM copannan £6.50 
E ee a £5.00 
E S E aR £30.00 
BI Oh A EAEN EN TIEAN £40.00 
E a ee eneL ae ke Cre £6.50 
NEC FM40X66AACAA nirs £50.00 
Ried SS 5 a A £8.00 
AS So ER £17.00 
Reliability 5A12RN12-142 ..00 eee £15.00 
Sao Ga PE aia £17.00 
TEXAS INSTRUMENTS EDS CDT370 
Compact development tool.................. £80.00 
PC404 Evaluation Module for TSL 214 
Intergrated Opto Sensor erresis £29.00 
Philips 12C-87CXXX Evaluation Board .. £35.00 
pO RE SS a ee £100 
AODBETBEBRH -MP S orsica £85.00 


D27C256-158V18 
TMP77C82JDL 
TMS320E17JDL 
CDP888CFRMHD-X 
BCC041-63 
HO210AD-DL-5 
Z84CO06CMB 


INTEL ASO96GOCA iensor £20.00 
LSA1060-C2CO08025CA ............22200022- £20.00 


SMA TNC 
SMB DNC 
SMC 





D Connectors 


9 15 25 35 50 
15p 20p 30p 40p 60p 





IC Sockets 
10p to 30p 
Many IC Trans 
Dead Caps 


All Goods + VAT and P&P 





Mail Orders to: 7 Anchor Lane, Maldon, Essex 
Tel: (0621) 892701 Fax: (0621) 891474 
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ELEKTOR ELECTRONICS is available from, among others: 


THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 


MK KNJIGARNA 
Slovenska 29 
Ljubljana 
Slovenia 
Telephone 061 150 196 


BEBEK ELECTRONICS 
Hirsimetsäntie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 


HELMHOLT ELEKTRONIK 
Farvevej 2 
DK-7600 Struer, Denmark 
Telephone 97 85 26 11 


Advertising Standards Authority 
Autona 

Badger Boards 

Baylin Publications 

B K Electronics 

Blaze 

Bull Electrical 

Canal Bridge Audio 

C-I Electronics 

Cirkit Distribution 
Cricklewood Electronics 
Display Electronics 
Elektor Electronics 

ESR Electronic Components 
ICE Technology 

J P Distribution 

J & M Computers 

Kare Electronics 

Kestrel 

Labcenter 

Lloyd Research 

Macro Cross Assemblers 
Maplin Electronic Supplies 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 
77 Lower Bristol Road, 
Bath, Avon, Telephone 0225 
424811 


RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 


D.P. HOBBS (NORWICH) 
LTD 

Electronic component 

specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 

Telephone 0603 615786 


INEL Co. 
P.O. Box 1397 
JL. Hariang Banga No. 3 
Bandung 40116 
Indonesia 


OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 2611 


AAGE NIELSEN 
1 Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 


GREENWELD 
27 Park Road 
Southampton SO1 3TB 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 


TABACCARIA BRITANICA 
Praca do Duque da 
Terceira 19 
1107 Lisboa, Portugal 
Telephone 932 4752 


INDEX OF ADVERTISERS 


43,97 

75 

97 

37 

19 

Cover card 
85 

53 

39 

53 

43 

95 

56; 113 

31 

Inside back cover 
29 

113 

35 

57 

41 

47 

97 

Back cover 


Maxcom 

MQP Electronics Ltd 
John Morrison (Micros) 
Number One Systems Ltd 
Pico Technology Ltd 
POWER ware 

Robinson Marshall 
Rombo 

Smart 

Stewart of Reading 
Suma Designs 
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Those Engineers 
Tie-Pie Engineering 
Tsien (UK) Ltd 
Ultimate Technology 
Viewcom Electronics 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 

Telephone 081 450 0995 

Fax 081 208 1441 


TECHNICAL BOOKS & 
MAGAZINES 
289-299 Swanston Street 
Melbourne, Australia 3000 
Telephone 663 3951 


VEJLE RC ELEKTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 


MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 
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THE BEST LOW COST PROGRAMMERS 
DESIGNED & MANUFACTURED IN THE UK 


SPEEDMASTER 1000 
SPEEDMASTER 1000E 
UNIVERSAL PROGRAMMER 

E Superfast PC based programmer 

E Programmes; EPROMS UP TO 8M BIT, 
FLASH EPROMS, EEPROMS, BPROMS, 
NVRAMs, MICROs (8748/51), 
PALs, GALs, EPLDs, PEELS, Wy 


MACHS, MAPLs, MAX OMG 
E Plugs directly into po 
parallel port 7 


@ 1000E Version has ROM/RAM 
emulator built in: 128k ow 
(1 Mbit) standard, hg 
optional 512K (4Mbit) K 


MICROMASTER 1000 
MICROMASTER 1000E 
UNIVERSAL PROGRAMMER 
E Programmes: EPROMS UP TO 8M BIT. 
FLASH EPROMS, EEPROMS, 
BPROMS, NVRAMs, PALs, ws 
GALs, EPLDs, PEELs, 049 
MACHs, MAPLs, MAX etc. o) 
@ PLUS over 80 different Micros 
including 8748/51, 68HC705, 68HC711, 
PICs, Z86, TMS320, TMS370 etc DIPs 
WITHOUT ADAPTORS OR 
PERSONALITY MODULES! 
W Package adaptors available. 
W 1000E Version has ROM / 
RAM emulator built in: ow 
128K (1Mbit) standard, çO% 
optional 512K (4 Mbit) 


SPEEDMASTER 8000 
GANG/SET PROGRAMMER 


E 8 way, Pc or stand alone 
E Super-fast programming times, 
manufacturer recommended 
algorithms ws 
E 32 pin devices as standard O Na 
E Support for 8748,51, çO 
TMS370, PIC Micros and 
40 pins. 





WHY BUY AN INFERIOR IMPORTED PROGRAMMER WHEN YOU CAN HAVE A MANUFACTURER 
APPROVED UNIVERSAL PROGRAMMER/EMULATOR DIRECT FROM ICE TECHNOLOGY! 


L] We offer the best range of low-cost programmers available, now including our unique 
UNIVERSAL PROGRAMMERS WITH BUILT IN EMULATORS 

| Unrivalled device support, for example the Micromaster 1000 programmes PICS, 286, 87C705, 68HC705, 
T™MS$370, 77C82 ETC WITHOUT ADAPTORS, as well as the full range of Eproms, PLDs etc supported by 
all our universal programmers. 

[| Approved by National Semiconductor for their full range of PALs, GALs, and MAPLs - other programmers 
claiming approval are often only approved for EPROMs - a much less exacting specification! 

C] All our programmers and programme/emulators work off the standard parallel port with any IBM 
compatible PC, even laptops 

| Unbeaten programming times: Programme a 27256 in just 5 SECONDS including download and verify. 

__| Easy upgrade path between Models. oĉ” 


FOR MORE DETAILS, DEVICE LIST AND DEMO DISK CALL NOW ON 
TEL +44 (0)226 767404 FAX +44 (0)226 370434 


ICE TECHNOLOGY LTD, UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, S. YORKS, S30 6HG, UK. 





Please mention ELEKTOR ELECTRONICS when contacting advertisers 












* Ideal for Instrument Amplification * Stage F Foldback * Small Venue P.A. * Studio Monitor Amplifier 









CES] 


his superb amplifier kit brings together five of the best and 

most popular ‘Audio Building Blocks’, to produce an amplifier of 
unrivalled sound quality at the price. The Power Output Stage is an 
excellent 150W MOSFET design which is currently Maplin’s Best 
Selling Audio Kit. It is complemented by the excellent performance 
of the SSM2016 Differential Preamplifier which has also featured in 
Maplin’s ‘Top 20’ kits. The superb audio stages are supported by a 
High Quality Power Supply Unit, sophisticated Monitoring Circuitry 
and a Thermal Protection System. Housed in a rugged 19in. rack 
mounting case, this outstanding amplifier is designed for longevity, 
purity of sound reproduction and ease of integration with other 
professional equipment. 

The kit contains everything you need to build this superb amplifier 
and is supplied complete with comprehensive constructional 
information. 


For a friendly welcome and the best of service, visit your local Maplin store: BIRMINGHAM; Sutton 
New Road, Erdington. BRIGHTON; 65 London Road. BRISTOL; 302 Gloucester Road. CARDIFF; 
29-31 City Road. CHATHAM; 2 Luton Road. COVENTRY; 12 Bishop Street. EDINBURGH; 126 Dalry 
Road. GLASGOW; 264-266 Great Western Road. ILFORD; 302-304 Green Lane. LEEDS; Carpet 
World Building, 3 Regent Street. LEICESTER; Office World Building, Burton Street. LONDON; 
146-148 Burnt Oak Broadway, Edgware. 107-113 Stanstead Road, Forest Hill. 120-122 King Street, 
Hammersmith. MANCHESTER; 8 Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court, 
The Metro Centre, Gateshead. NOTTINGHAM; 86-88 Lower Parliament Street. PORTSMOUTH; 
98-100 Kingston Road. READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road, 
Hillsborough. SOUTHAMPTON; 46-48 Bevois Valley Road. SOUTHEND-ON-SEA; 282-284 London 
Road, Westcliff. Plus a NEW STORE opening soon in MIDDLESBROUGH. Phone 0702 552911 for 
further details. Subject to availability. Price subject to change. Price inclusive of VAT. [H] indicates a 
Carriage charge of £5.50. 


1992/3 Catalogue Price £159-95 
NOW ONLY [H] 


£129.95 


Order Code LT11M 


M ayleyvo tty 








Features: 

* Standard 19in. 2U Rack Mounting Case 
* 100W RMS Power Output 

* Balanced Line Input 

* Loudspeaker Protection 

* Switch-on Mute 

* Thermal Protection 


Typical Specification: 
Rated Load Impedance: 4 to 8Q 
Maximum Power Output: 


40, 105W RMS 
8 90W RMS 
THD @ 75W (1kHZz): 0-02% 


Frequency Response: 10Hz to 40kHz, —1dB 
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CREDIT CARD HOTLINE 
O70 


02 554161 


Mail Order to: P.O. Box 3, Rayleigh, Essex SS6 8LR 





